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Abstract.—Aquaculture, the farming of fish for human consumption and/or trade, is a growing industry 
throughout the world. The effects of farming on local ecosystems and wildlife are understudied, particularly 
in regions where farms are often limited to subsistence practices with little to no government regulation. The 
influence of Rainbow Trout (Oncorhynchus mykiss) farms on glassfrog community composition was assessed 
in the Mindo and Alambi regions of Ecuador. Call surveys were conducted during the dominant glassfrog 
reproductive season (March—May 2017) across 13 sites, six of which were in the immediate proximity of trout 
farms. Nonmetric multidimensional scaling ordination analyses and multiple response permutation procedures 
indicate that glassfrog communities differed between trout farm and non-trout farm sites (MRPP; A= 0.11, P= 
0.04). Differences in glassfrog community composition were significantly or marginally correlated with percent 
canopy openness, dissolved oxygen (mg/L), conductivity (uS), and total dissolved solids (mg/L), environmental 
characteristics altered by the aquaculture practice. As the prevalence of trout farms increases across this 
region, it is likely that the glassfrog community composition will be altered, potentially resulting in a pattern 
of decreased species richness. It is also likely that habitat changes associated with trout farming practices 
including deforestation, water chemistry changes, and predation pressures by escaped trout will influence 
glassfrog species persistence. Mitigation strategies including improved barriers to decrease trout escape, the 
incorporation of settling ponds to decrease stream contamination, and the preservation of habitat in areas of 
high amphibian species richness are warranted. 
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Introduction 


Aquaculture, or the farming of fish for human consumption 
and/or trade, is a growing industry worldwide (Mantri 
et al. 2017). While the practice has economic benefit 
(Offemet al. 2010), the long-term costs to local wildlife 
and ecosystems are largely understudied and likely 
underestimated (Niklitschek et al. 2013). Aquaculture 
practices in regions with little to no government regulation 
may be particularly detrimental to the surrounding 
ecosystem because habitat protection practices are often 
not utilized, resulting in increased farmed-fish escapes 
and water contamination (Niklitschek et al. 2013). 
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Rainbow Trout, Oncorhynchus mykiss (Salmonidae), is 
a non-native predatory species currently being cultivated 
in Andean streams that also are the habitat for several 
of Ecuador’s most endangered amphibians (Vimos et al. 
2015), including glassfrogs (Centrolenidae). Whether 
introductions of O. mykiss have negatively affected 
glassfrog populations is currently not known; however, 
multiple studies indicate broad negative effects of this 
cultivated fish species on amphibians (Gall and Mathis 
2010; Garcia et al. 2012; Ortubay et al. 2006; Pearson 
and Goater 2009; Vredenburg 2004). Oncorhynchus 
mykiss represents a direct threat to amphibian larvae 
via predation due to their biphasic life cycle (Garcia et 
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Fig. 1. Trout farming in the Mindo region of E 


cuador utilizes a flow-through aquaculture technique. Stream water is dive 


= 


rted 


into tandem raceways/holding reservoirs and then flows through these reservoirs back into the natural stream system. This figure 
displays a panoramic view of Finca de Jaime’s (FJ) set-up. Photograph by Katherine L. Krynak. 


al. 2012; Pearson and Goater 2009). Many amphibian 
species have been shown to demonstrate a lack of 
predator avoidance in response to this introduced fish 
(Gall and Mathis 2010; Garcia et al. 2012), though 
this information is limited to temperate amphibian 
larvae and it is unknown whether predator avoidance 1s 
demonstrated in tropical amphibian larvae. However, in 
a recent laboratory study, Martin-Torrijos et al. (2016) 
found that the presence of O. mykiss altered larval 
morphology in Nymphargus grandisonae, a glassfrog 
species included in this survey. The extent to which O. 
mykiss presence may affect the glassfrog larvae in situ 
has yet to be determined. Additionally, O. mykiss can 
introduce pathogens to naive amphibian communities, 
including aquatic fungal pathogens such as Saprolegnia 
diclina (Martin-Torrijos et al. 2016) and iridoviruses 
like ranavirus, a pathogen that has caused amphibian 
population declines and extirpations across the globe 
(Miller et al. 2011; Smith et al. 2017). Together, these 
studies suggest O. mykiss introductions may negatively 
affect glassfrog population persistence by decreasing 
larval survival through both direct (predation) and 
indirect means (aquatic pathogen introduction). 

Farming of O. mykiss has been occurring for over 
25 years in the Mindo and Alambi regions of Ecuador 
(western slope of the Andes Mountains, Province of 
Pichincha) and is increasing in prevalence; several 
farms in the region are fewer than 10 years old (Rolando 
Sanchez and JAL, pers. comm.). Trout farms in the 
Mindo and Alambi regions utilize a flow-through system 
of aquaculture. Natural stream water is diverted into 
tandem holding reservoirs (and/or raceways; Fig. 1); 
water then flows through these reservoirs back into the 
natural stream system. The system has no mechanism for 
preventing stream contamination other than the limited 
settling that occurs in reservoirs prior to outflow. Fish 
escapes are largely prevented by size sorting of trout 
between reservoirs (smaller fish being held in the first 
reservoirs, larger fish nearer the outflow) and wire screen 
barriers put in place to limit escape. Interviews of farm 
managers indicated that heavy rains (notably during the 
months of March—May) often result in large amounts of 
debris being swept into the diverted stream channels, 
which damages the wire barriers that contain the trout in 
the reservoirs. Managers estimated that 2—-10% of farmed 
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trout escape during these common rain events. Between 
1 March 2017 and 22 May 2017, 588.70 mm of rain fell 
in this region (HOBO U30 Remote Monitoring System 
stationed at Reserva Las Gralarias: 0.0091S, 78.7375W, 
elevation 2,068 m). 

Particular stream characteristics associated with 
stream diversion aquaculture may affect aquatic larval 
glassfrog survival and, over time, influence glassfrog 
community composition. Total dissolved _ solids, 
conductivity, and pH are often altered by trout farming 
(Boaventura et al. 1997; McNaughton and Lee 2010) 
and are known to influence amphibian fitness correlates 
including growth, development, and innate immune 
defenses (Krynak et al. 2015, 2016). Trout farming 
in this region may be particularly detrimental to water 
quality given that multiple trout farms often occupy the 
same stream, potentially causing a cumulative effect on 
water quality. Increased stream water nutrient loads can 
increase periphyton abundance (a larval glassfrog food 
source) and subsequently decrease dissolved oxygen 
levels (Selong and Helfrich 1998), thereby negatively 
affecting larval glassfrog survival (Gillespie 2002; 
Tattersall and Ultsch 2008). In temperate systems, 
canopy cover (or lack thereof due to deforestation) can 
also influence periphyton abundance by changing light 
availability, potentially altering available larval food 
sources (Skelly et al. 2002), though context dependency 
of this relationship may be greater in tropical ecosystems 
(Garcia et al. 2015). Furthermore, changes to stream 
canopy composition may negatively affect glassfrog 
persistence by decreasing suitable egg deposition sites 
(Arteaga et al. 2013). 

The Mindo region of Ecuador is home to nine species 
of glassfrogs (Arteaga et al. 2013) that vary in their 2017 
IUCN Redlist conservation status from Data Deficient 
(DD) to Critically Endangered (CR): Emerald Glassfrog 
(Espadarana prosoblepon; Least Concern [LC]), Red- 
spotted Glassfrog (Nymphargus grandisonae;, LC), 
Pepper Glassfrog (N. griffithsi; Vulnerable [VU]), Las 
Gralarias Glassfrog (N. /asgralarias; DD), Lynch’s 
Glassfrog (Centrolene lynchi,; Endangered [EN]), 
Golden-flecked Glassfrog (C. ballux; CR), Dappled 
Glassfrog (C. peristictum; Near Threatened [NT]), Mindo 
Glassfrog (Cochranella balionota; VU), and Bumpy 
Glassfrog (C. heloderma; CR) [Table 1; Fig. 2]. Previous 
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studies have suggested that glassfrog population declines 
might be partially associated with the introduction of 
predatory fish into streams, though this effect has not been 
quantified (Catenazzi et al. 2011; Merino-Viteri 2001). In 
comparison extensive work has been done in temperate 
systems indicating that introduced trout have devastated 
amphibian communities (Bosch et al. 2019; Knapp and 
Matthews 2000; Knapp et al. 2007; Pope 2008). 

In this study, presence/absence acoustic surveys 
were conducted throughout the dominant glassfrog 
breeding months of March—-May 2017 (Arteaga et al. 
2013), to determine the influence of trout farms on 
glassfrog community composition in the Mindo region 
of Ecuador. The predictions were that trout farms would 
have decreased glassfrog species richness and that 
particular environmental characteristics (such as water 
chemistry, periphyton abundance, and canopy cover) 
would correlate to differences in glassfrog community 
composition between trout farms and non-trout farms. 


Materials and Methods 


Call surveys were conducted across 13 sites in the Mindo 
region of Ecuador (six trout farms and seven without 
trout; Fig. 3), one of the most amphibian-diverse cloud 
forests in South America (Arteaga et al. 2013). Sites 
were chosen based upon habitat viability, elevation, 
and accessibility. Adult glassfrogs in the region inhabit 
forested habitats surrounding creeks, streams, and rivers. 
Sites included in the study ranged in elevation from 
1,596—2,666 m, and habitat was considered to be viable 
for glassfrog presence if at least small remnants of forest 
surrounded the streams or their tributaries (for streams 
both with and without trout farms). Six sites were located 
at trout farms along the Rio Alambi and Quebrada Santa 
Rosa waterways. The Rio Alambi water system included 
trout farm sites referred to as El Paraiso del Pescador 
(EP), Finca de Jaime (FJ), Santa Teresita (ST), La 
Sierra (LS), and Verdecocha (VC). A single trout farm 
was located on Quebrada Santa Rosa system, the Lower 
Rio Santa Rosa (LRSR) site. The trout farms ranged in 
age from 6—27 years. The non-trout farm sites included 
four sites along the Quebrada Santa Rosa stream system 
(upstream of LRSR), referred to as Rio Santa Rosa 
(RSR), Michelle’s (M), Five Frog Creek (SF), and Ballux 
Creek (Berk). Three additional non-trout farm sites were 
chosen that represent headwater streams not connected 
with Quebrada Santa Rosa or Rio Alambi: Lucy’s 
Creek (LC), Kathy’s Creek (KC), and a small tributary 
of the Chalguayacu Grande River (C). Ballux Creek 
and Five Frog Creek also represent headwater stream 
systems forming Quebrada Santa Rosa (see Appendix 1 
for details on site locations). The non-trout farm sites, 
with the exclusion of LRSR, are located on privately- 
owned protected land. Access to headwaters of trout 
farm streams was not possible due to transportation and 
permission constraints. 
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Fig. 2. Glassfrog species found during surveys. (A) Centrolene 
heloderma, (B) Centrolene ballux, (C) Esparana prosoblepon, 
(D) Nymphargus lasgralarias, (E) Centrolene peristictum, (F) 
Nymphargus grandisonae, (G) Centrolene lynchi, (A) Egg mass 
from C. ballux. Nymphargus griffithsi was not encountered 
during the 2017 survey but has been documented at Kathy’s 
creek in 2012 and 2013 (by Jane A. Lyons). Photographs by 
Dana G. Wessels (A—F) and Timothy J. Krynak (G—H). 

Overnight call surveys were conducted between 2000 
h and 0200 h at each survey site (Mean: 3.38 + 1.9 SD 
visits per site) on multiple dates during the rainy season, 
when glassfrogs are reproductively active (JMG, pers. 
comm.). Surveying included 2-8 visits per site with the 
exception of a single site (C) which was only visited on 
a single occasion due to safety concerns associated with 
heavy rains and steep, eroding terrain. The presence of 
each of the documented species was recorded at first visit 
at each site, therefore sampling effort did not bias the 
detection. It should be noted that the species recorded 
at site C on 30 March 2017 were the same as had been 
previously observed at the site in March—May in 2012 and 
2013 (JAL, pers. comm.). Species presence was assessed 
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Table 1. Glassfrog species presence/absence data across sites in the Mindo region of Ecuador. Sites: RSR = Rio Santa Rosa, LC = 
Lucy’s Creek, Berk = Ballux Creek, KC = Kathy’s Creek, M = Michelle’s, C = Chalguayacu Grande River, 5F = Five Frog Creek, 
LRSR = Lower Rio Santa Rosa, ST = Santa Terricita, FJ= Finca de Jaime, LS = La Sierra, VC = Verda Cocha, EP = El Paraiso del 
Pescador. Values of 0 indicate those “not detected,” whereas values of 1 indicate those audibly detected. IUCN RedList status codes 


are listed below each species name. 


Species and IUCN RedList conservation status 
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based upon audible detection of calling males across an 
approximate 200 m distance (up to 100 m above and 100 
m below the stream access point). For all sites, detectable 
species richness did not change as a function site visits. 
Audible recording of calls used for identification for 
each of the observed species can be referenced at http:// 
lasgralariasfoundation.org/cantos-de-ranas. 

The location and environmental characteristics 
recorded at each of the sites included water temperature 
(°C), conductivity (uS/cm), total dissolved solids 
(mg/L), dissolved oxygen (mg/L), pH, canopy cover 
(% openness), and average periphyton abundance 
(chlorophyll a mg/cm?). Site elevation was determined 
by estimation via Google Maps™, which was then 
corroborated via topographical maps obtained from 
Ecuador’s Ministry of the Environment. Minnow traps 
(Grayson and Row 2007) were deployed downstream of 
each trout farm (with the exception of LRSR) for 24-hr 
periods to assess the abundance of escaped trout (catch 
per unit effort). 

All statistical analyses were performed in R version 
3.4.3 (R Development Core Team 2017). For all sites 
with detectable glassfrogs, the influence of trout farming 
on glassfrog species richness was assessed using a /-test 
(t-test function in the stats package by R Core Team 2014). 
Sites without detectable glassfrogs were not included in 
this analysis to avoid artificially inflating results of the 
test. Glassfrog community composition was assessed 
using nonmetric multidimensional scaling ordination 
using Jaccard distance (NMDS; metamds function in 
the vegan package, Oksanen et al. 2018) to visualize 
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glassfrog community composition similarities across 
the 13 sites. Trout farms El Pariso del Pescador, La 
Sierra, and Verdecocha are not included in the analysis 
because glassfrogs were not observed at these sites. 
Multiple response permutation procedures (MRPP; 
999 permutations; mrpp function in the vegan package, 
Oksanen et al. 2018) were used to quantify differences 
in glassfrog community composition between trout 
farms and non-trout farm sites. Pearson correlation 
tests (cor.test function in the stats package by R Core 
Team 2014) between axis scores and the environmental 
measures were performed to assess the potential 
influences of these environmental characteristics 
on glassfrog community similarity in the NMDS 
ordination. Moran’s / was used to assess potential spatial 
autocorrelations between the environmental variables 
and the GPS locations of the sites (Moran.I function in 
the ape package, Paradis and Schliep 2018). Glassfrog 
taxonomy follows the proposal by Guayasamin et al. 
(2009). All surveys were conducted under permit MAE- 
DNB-CM-2015-0017 issued by Ecuador’s Ministry of 
the Environment (Ministerio de Ambiente del Ecuador) 
and with permission of land owners. 


Results 


A total of seven glassfrog species was recorded 
across the 13 sites (Table 1). Species detected were 
Centrolene heloderma, C. ballux, C. peristictum, C. 
lynchi, Nymphargus grandisonae, N. lasgralarias, and 
Espadarana prosoblepon. 
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Fig. 3. Map of the study area. Inset: Pichincha Province, Ecuador. Main: Blue points indicate non-trout farm sites whereas red points 
indicate trout farm sites. Yellow line represents the equator (latitude 0). 


Glassfrog species richness differed between trout 
farm and non-trout farm sites (tf = 2.94, df = 5.54, P 
= 0.03; mean trout farm richness = 1.67 + 0.58 SE 
species; mean non-trout farm richness = 3.0 + 0.82 SE 
species) and the NMDS analyses indicated a difference 
in glassfrog community composition between trout farm 
sites and non-trout farm sites (MRPP; delta = 0.59, A = 
0.11, P=0.04; Fig. 4). Pearson correlation tests indicated 
correlations between multiple environmental variables 
and NMDS axis scores (NMDS Stress on 2D solution 
was 3% indicating good fit, Table 2, Fig. 4). Site elevation 
was found to be positively correlated with NMDS Axis 


observed at trout farms versus non-trout farms (Fig. 4). 
Moran’s I tests revealed pH, chlorophyll a, canopy cover, 
and dissolved oxygen were not spatially autocorrelated 
(Moran’s I test P > 0.05); while conductivity, total 
dissolved solids, elevation, and temperature did suffer 
from spatial autocorrelation (Moran’s I test P < 0.05). 
Correlation analyses were conducted on all variables 
independently, including spatially autocorrelated 
variables, given that it is unknown whether the spatial 
autocorrelation was due to exogenous or endogenous 
factors and the small sample size. 

Traps for quantifying Rainbow Trout abundance were 


1 (Tig) = 2.73, P = 0.03). NMDS Axis 2 was correlated —_ not effective at the sites and therefore, this effort was 
with canopy cover (T,,,.= 2.73, P = 0.03) and dissolved discontinued after multiple attempts (see Discussion). 
oxygen Ces 3.16, P= 0.01; Table 2). NMDS axis 2.‘ These traps did, however, catch a single Astroblepus 
was marginally correlated with conductivity Ms, 9 = 2.0,  sp., a native (non-predatory) fish from the family 
P = 0.08) and total dissolved solids (T.,.. = 2.12, P= = Astroblepidae known for climbing waterfalls in these 


(8,9) 


0.07). NMDS Axis 2 differentiates glassfrog communities 


Andean streams at site FJ. 


Table 2. Pearson correlation estimates between NMDS axis scores and environmental variables across sites. Statistically significant 
values are in bold (P < 0.05). Values of P < 0.1 are indicated with an asterisk (*), and are designated as such based upon their 


biological significance and the small sample size. 


Total 
dissolved Dissolved Canopy 
Conductivity solids oxygen openness’ Elevation Temperature Chlorophyll 
pH (uS/cm) (mg/L) (mg/L) (“%) (m) (°C) a (mg/cm’) 
NMDS1 0.40 0.08 0.18 0.06 <0.01 0.70 -0.39 0.38 
NMDS2 0.39 0.58* 0.60* 0.75 0.69 -0.07 -0.50 0.14 
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Fig. 4. Two-dimensional NMDS ordination of survey sites 
and glassfrog species based upon presence of frogs audibly 
documented in 2017 survey conducted in the Mindo region 
of Ecuador (Stress = 3%). Red points and labels represent 
glassfrog species; grey points represent trout farms; and black 
points represent non-trout farms. RSR = Rio Santa Rosa, LC = 
Lucy’s Creek, Berk = Ballux Creek, KC = Kathy’s Creek, M 
= Michelle’s, C = tributary of the Chalguayacu Grande River, 
5F = Five Frog Creek, LRSR = Lower Rio Santa Rosa, ST 
= Santa Teresita, FJ = Finca de Jaime, LS = La Sierra, VC = 
Verdecocha, EP = El Paraiso del Pescador. Trout farms EP, LS, 
and VC are not included in the analysis because glassfrogs were 
not observed at these sites. A significant difference in glassfrog 
community composition between trout farm and non-trout 
farm sites was indicated by MRPP (delta = 0.59, A= 0.11, P = 
0.03). NMDS1 correlated with elevation; NMDS2 correlated 
with: percent canopy openness, dissolved oxygen (mg/L), total 
dissolved solids (mg/L), and conductivity (uS). 


Discussion 


Understanding the potential effects that trout farming has 
on glassfrog community structure 1s critical for improving 
species conservation efforts as this aquaculture practice 
is expected to increase in this region of Ecuador, and 
throughout the world (Diana 2009). Across the thirteen 
sites, the presence of seven glassfrog species is reported, 
two of which are listed as Critically Endangered (C. 
ballux and C. heloderma) and one as Endangered (C. 
lynchi, IUCN Redlist 2017). Notably, at Michelle’s 
site, Centrolene lynchi was recorded at a much higher 
elevation (2,031 m) than previously documented for 
the species (published elevational range 1,520—1,858 
m; Arteaga et al. 2013). Additionally, a previously 
undocumented population of C. heloderma (20+ calling 
males) was recorded between the trout farm sites La 
Sierra and Santa Teresita (and at Santa Teresita) along the 
Rio Alambi system (Krynak et al. 2018). Nymphargus 
griffithsi was not observed at any of the sites, though the 
species has been recorded in Five Frog Creek at Reserva 
Las Gralarias in previous years (Hutter and Guayasamin 
2012). 
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This survey found that (1) mean glassfrog species 
richness nearly doubled in non-trout farm sites compared 
to trout farm sites, (i1) glassfrog community composition 
differed between trout farm sites and non-trout farm sites 
(based on clear separation between these factors along 
NMDS2 in the ordination and quantitative confirmation 
via MRPP analyses), and (111) multiple environmental 
measures (dissolved oxygen, canopy cover, total dissolved 
solids, and conductivity) were correlated with observed 
differences in glassfrog community composition (Table 
2; Fig. 4). There are several possible explanations for 
these marked differences, as previous research has 
indicated amphibian community composition and larval 
performance are associated with water chemistry, riparian 
cover, and predator presence and the findings reported 
here provide additional support for these hypotheses 
(Gonzalez-Maya et al. 2018; Hecnar and M'Closkey 
1996; Sebasti and Carpaneto 2004; Watling et al. 2011). 

This study indicates that water chemistry (measures of 
dissolved oxygen, total dissolved solids, and conductivity) 
is associated with the difference in glassfrog community 
composition between trout farm and non-trout farm sites. 
It is probable that increased nutrient loads associated 
with uneaten food and fecal waste from the trout may 
be driving the increased total dissolved solids (TDS) 
content at trout farms sites (Selong and Helfrich 1998). 
Increased nutrients from flow-through aquaculture are 
known to negatively affect larval amphibian survival by 
increasing periphyton and thereby decreasing dissolved 
oxygen (DO) content (Gillespie 2002; Tattersall and 
Ultsch 2008). However, the measured DO levels were 
slightly higher at trout farm sites compared to non-trout 
farm sites (mean + SE DO: trout farms = 7.9 + 0.58 mg/L, 
non-trout farms = 7.4 + 0.55 mg/L). This phenomenon 
may be common within tropical ecosystems, or context 
dependent (Garcia et al. 2015). An expanded sampling 
effort will be required to tease apart these possible 
relationships. Another possibility is that the cooler water 
temperatures associated with slighting higher elevations 
of one of the trout farm sites may be driving this difference 
in DO (Appendix 2, mean + SE temperature: trout farms 
= 14.84 °C + 0.65 °C, non-trout farms = 15.55 + 0.93 
°C; elevation range: trout farms = 1,593—2,666 m, non- 
trout farms 1,693—2,254 m; mean + SE elevation: trout 
farms = 2,013 + 16.7 m, non-trout farms = 2,020 + 12.9 
m). Surprisingly, periphyton abundances did not differ 
between trout farm and non-trout farm sites in this study. 
However, we suspect that the increased nutrient levels (as 
suggested by TDS) may be affecting water chemistry in 
terms of ammonia and nitrite levels in the system, which 
could in turn negatively affect larval glassfrog survival; 
although this hypothesis needs to be tested. 

The correlation found between canopy cover and 
glassfrog community composition differences between 
non-trout farm and trout farm sites, as visualized by 
the separation along NMDS2 in the ordination and 
quantitatively confirmed by the MRPP analyses, may 
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indicate the deforestation at trout farm sites influenced 
which glassfrog species inhabited the sites. Based upon 
previous literature, we initially hypothesized that the 
mechanism for this correlation is that decreased canopy 
cover causes increased periphyton abundance (increased 
food availability which may benefit only particular 
amphibian larvae); however, the results obtained here 
contradict this idea (1.e., periphyton measures not 
correlated with NMDS axis 2 scores; Skelly et al. 2002). 
The decreased canopy cover at trout farm sites may 
instead be detrimental to the glassfrog species because of 
the lack of egg deposition sites. Overhanging vegetation 
along streams is critical to glassfrog reproductive 
success. Glassfrogs of this region lay eggs on leaves 
overhanging streams (plant families include Araceae, 
Annonaceae, Euphorbiaceae, Capparaceae, Fabaceae, 
and Rubiaceae) and upon hatching, the rheophilic 
larvae drop into the stream below where they continue 
to grow and mature (Arteaga et al. 2013). Therefore, 
a decrease in the number or quality of egg deposition 
sites (Canopy cover) may result in decreased glassfrog 
abundance. Furthermore, decreased canopy cover may 
also negatively affect glassfrogs by means of increased 
ultra-violet (UV) exposure, as UV radiation is known to 
negatively affect amphibians at all life stages (Blaustein 
et al. 2003). Finally, while generalized deforestation 
(and canopy cover loss) cannot be separated from the 
deforestation caused by the creation and maintenance of 
the trout farms, this lack of vegetation (or appropriate 
vegetation) does seem to negatively affect the glassfrog 
community richness. 

Lastly, the direct effect of predation and indirect effects 
of perceived predation threat by trout on glassfrog larvae 
in situ remain in need of assessment. During the surveys, 
an attempt was made to quantify trout presence directly 
measured by catch per unit effort via direct trapping and 
indirectly measured via collection of O. mykiss DNA from 
the streams. However, both efforts were discontinued 
due to ineffectiveness. Although trout were not directly 
observed in the streams, and there was no success in 
capturing trout using the minnow traps (despite multiple 
attempts and equipment adjustments), local people were 
seen pole fishing 1n the streams for the trout at El Paraiso 
del Pescador and near Santa Teresita. While the use of 
environmental DNA (eDNA) has become a valuable tool 
for assessing species presence in stream habitats (Young 
et al. 2017), there are limitations which must be addressed 
to fully utilize this tool in these fast-flowing Andean 
streams. The 10u nylon membranes used to filter the 
stream water to collect the DNA samples were found to 
clog rapidly, limiting the ability to standardize collection 
efforts and obtain enough samples for comparisons 
across streams. Such assessments may be better suited 
for times of the year when there is less rainfall, when 
larval trout are not being washed downstream and stream 
water is less turbid. Electrofishing was not used to sample 
the trout because this methodology may have negative 
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effects on small vertebrates, including glassfrog larvae 
(Miranda and Kidwell 2010). Nevertheless, changes 
in tadpole survival, morphology, behavior, and fitness 
when fish predators are present has been documented 
extensively (Relyea 2001, 2004; Relyea and Hoverman 
2003), and may be a widespread phenomenon in Andean 
amphibian communities (Martin-Torrijos et al. 2016). 
As such, the effects of O. mykiss presence on Andean 
stream inhabitants is deserving of further investigation, 
especially when an overall negative effect of trout farms 
on amphibian richness has been correlated to multiple 
environmental characteristics associated with trout 
farming, as demonstrated in this study. 


Conclusions 


As trout farming increases in the Andean cloud forests, 
environmental managers need to be concerned about 
direct and indirect effects the practice has on naive 
communities. While the persistence of the few glassfrog 
populations found at the trout farm sites provides 
encouragement, the differences in glassfrog community 
composition indicate that areas of high glassfrog 
species richness should be protected from the farming 
of non-native predatory fish. While minimizing water 
contamination (e.g., implementation of settling pools) 
and preventing fish escapes may be enough to maintain 
the existing populations in the streams currently used 
for aquaculture, we suspect that naive communities 
may undergo a decrease in diversity 1f new farms are 
constructed. The results of this study suggest that 
mitigation strategies need to be employed in streams 
currently used in aquaculture and that trout farming 
should be prohibited in areas of high glassfrog species 
richness in order to protect these species. 
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Appendices 


Appendix 1. Survey site locations in the Mindo region of Ecuador (Datum WGS 84). Site locations: RSR = Rio Santa Rosa, LC 
= Lucy’s Creek, ST = Santa Teresita, FJ= Finca de Jaime, KC = Kathy’s Creek, M = Michelle’s, C = Chalguayacu Grande River, 
5F = Five Frog Creek, LRSR = Lower Rio Santa Rosa, Berk = Ballux Creek, EP = El Paraiso del Pescador, LS = La Sierra, VC = 
Verdacocha. 


Coordinates (decimal degrees) Trout farm (y/n) 
Lucy’s Creek 0.00518, 78.7383W N 


Michelle’s 0.0215S, 78.7240W 
Chalguayacu Grande River 0.02878, 78.7303W 


| RSR 

pC | 

| ST 

ae 

PKC | Kathy’sCreek_— | 0.01678, 78.7316W 
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| SF 

| _LRSR i 


SR 
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SF 
EP 
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VC 


[ep | iParaso det Pescador | ___O012N,78.6727W 
[is taSiera—————*YSC—i8 85, 78.607 
[ve verdecocna ids. 78.6100 


Five Frog Creek 0.0315S, 78.7052W 


Appendix 2. Environmental characteristics of sites included in the glassfrog call survey conducted March-May, 2017 Mindo 
region of Ecuador. Site abbreviations: VC = Verdacocha, LS = La Sierra, ST = Santa Teresita, FJ= Finca de Jaime, EP = El Paraiso 
del Pescador, C = Chalguayacu Grande River, LC = Lucy’s Creek, Berk = Ballux Creek, 5F = Five Frog Creek, KC = Kathy’s Creek, 
RSR = Rio Santa Rosa, M = Michelle’s, LRSR = Lower Rio Santa Rosa. All measurements were collected during daylight hours. 


Stream Total Dissolved Canopy 
discharge Conductivity dissolved oxygen openness __ Elevation Temperature 
Site type Site code (m/sec) pH (uS/cm) solids (g/L) (mg/L) (%) (m) (°C) 
VC 0.132 ERE i: 55 0.047 7415 55.51 2,666 12.255 
LS 0.595 7.765 71.5 0.0595 7.245 28.86 2,483 13.585 
make ST 13352 8.125 128.5 0.1055 8.245 33.93 2,186 14.39 
FJ 1.42] 8.08 131.5 0.107 7.58 60.21 2,160 14.31 
EP 281.25 7.74 78 0.0605 7.785 43.29 1,593. 16.595 
C 0.004 7.84 25 0.02 7.61 20.54 2015 16 
LC 0.115 7.69 35 0.027 FST 0.26 1,814 15.66 
Berk — 8.61 43 0.036 741 22.88 2,254 15.16 
Non-trout 5F 0.22 7.7 42 0.034 7.48 32.5 2,167 14.86 
farm KC 0.23 FAS 28 0.02 6.9 1.04 2,053 15.8 
RSR 1.131 E61 43 0.0034 LST 15.08 1,811 15.97 
M 1.339 8.06 4] 0.032 7.91 41.08 2,031 15.43 
LRSR 4.003 7.63 43 0.034 P92 28.34 1,693 15.83 
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Abstract.—A highly virulent genotype of Batrachochytrium dendrobatidis (Bd), the Global Panzootic Lineage 
(Bd-GPL), is implicated as a major cause of global amphibian population declines. Bd-GPL strain JEL274 was 
Originally isolated from the skin of Western Toads (Anaxyrus boreas) in Colorado, USA, where populations are 
in decline due to chytridiomycosis, the disease caused by Bd. Here, the difficulty in attempting to control Bd- 
JEL274 is shown by challenging the genotype against three methods of inhibition: exposure to the antifungal 
drug amphotericin B, recombinant E. coli-violacein, and A. boreas skin-associated bacterial isolates. The 
Minimum Inhibitory Concentration (MIC) value of amphotericin B on Bd-JEL274 was 10-fold higher than in 
previously tested strains, suggesting that Bd-JEL274 is remarkably drug-resistant. Violacein, an antifungal 
secondary metabolite naturally expressed by some proteobacteria, has been shown to inhibit growth of the 
fungus. In this study, the difference in fungal inhibition between recombinant E. coli-violacein and natural 
antifungal activities of bacteria isolated from captive A. boreas skin was demonstrated using in vitro Ba- 
bacterium inhibition assays. The abundant skin-associated bacterium Chryseobacterium indologenes inhibited 
Bd-JEL274 significantly better than recombinant E. coli-violacein and this bacterium may have been involved 
in the natural clearing of Bd infections in the toads. Larger studies should focus on using the amphibian skin 
microbiome for probiotic treatment of chytridiomycosis in A. boreas toads, rather than risking lowered fitness 
or increased mortality from drug treatments. 
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Introduction 


Loss of biodiversity is one of the most problematic 
issues facing humans today, and amphibians are the 
most threatened taxonomic class (Howard and Bickford 
2014). The cascading implications of losing the majority 
of members of a major vertebrate clade are likely to 
have effects that disrupt entire ecosystems (Briggs et al. 
2005). Amphibian populations around the world have 
dramatically declined in the last four decades, with over 
3% of amphibian species already extinct (Alroy 2015). 
Current projections estimate that more than 7% of all 
amphibians will become extinct within the next century 
(Alroy 2015). One of the greatest threats to amphibian 
populations is infection by the parasitic fungus 
Batrachochytrium dendrobatidis (Bd). This pathogen 
is easily transmitted between hosts because the aquatic 


zoospores are free-living, flagellated, and substrate 
independent. An alarming number of amphibian species 
are known to be susceptible to infection by Bd (Olson et 
al. 2013; Scheele et al. 2019). Bd can cause extremely 
damaging effects on wild amphibian populations and 
is thought to have been the proximate driver of many 
amphibian species extinctions throughout the world since 
the 1970s (Kriger and Hero 2009; Scheele et al. 2019). 
Most amphibian population declines that are 
sufficiently documented are specifically attributed to 
the Global Panzootic Lineage of Bd (Bd-GPL) [Farrer 
et al. 2011; James et al. 2015]. Batrachochytrium 
dendrobatidis is hypothesized to have originated in Asia 
and disseminated around the world due to amphibian 
trade, including the use of frogs for pets, food, and 
medical testing (O’ Hanlon et al. 2018), and it is therefore 
considered an invasive species. Of six known Bd lineages, 
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Bd-GPL is a hypervirulent genotype that represents the 
majority of genotypes isolated globally, which may be 
outcompeting endemic lineages (Schloegel et al. 2012; 
James et al. 2015). Even within certain Bd lineages 
such as GPL, there is significant variation in virulence 
between the genotypes (Berger et al. 2005; Fisher et al. 
2009; Farrer et al. 2011). Bd-JEL274 is responsible for 
Western Toad (Anaxyrus boreas) declines in the United 
States, therefore this study utilizes Bd-GPL genotype 
JEL274 to evaluate the antifungal effects of A. boreas 
skin-associated bacteria as well as the drug susceptibility 
of this Bd-GPL strain (Muths et al. 2003; Scherer et al. 
2005; Pilliod et al. 2010). 

Although extensive A. boreas declines have occurred 
due to Bd infection, remaining populations that survived 
the emergent disease may consist of individuals which 
have some sort of resistance mechanism, such as 
antifungal skin-associated bacteria or secretions of 
bufadienolide chemicals (Park et al. 2014; Barnhart et al. 
2017). These studies indicate that the individual survival 
probability of each toad seems to be strongly dependent 
on the composition of skin microbiota, host stress level, 
and virulence level of the Bd genotype. Therefore, 
understanding the microbiomes of A. boreas toads, as well 
as the drug resistance level of the Bd genotype associated 
with this species, could lead to treatment strategies that 
may prevent additional Bd-related die-offs. 

In areas of high Bd prevalence, surviving populations 
of amphibians tend to have higher numbers of antifungal 
bacteria in their skin microbiomes (Harris et al. 2009). 
Thus, one promising treatment involves augmenting an 
amphibian’s skin bacteria to fight pathogens (Harris et al. 
2009). Bd is susceptible to the cutaneous, Gram-negative 
bacterium Janthinobacterium lividum, one of the native 
microbes that can be cultured from skin swabs of some 
amphibians (Harris et al. 2009). Janthinobacterium 
lividum secretes protective secondary metabolites 
violacein and indole-3-carboxaldehyde, which have been 
shown to inhibit pathogen growth (Brucker et al. 2008). 

Current evidence suggests that epithelial cells of 
some amphibians are incapable of supporting J. lividum 
or other non-native bacterial strains, therefore simply 
inoculating Bd-susceptible amphibians with foreign 
bacteria may not be a plausible approach to treating or 
preventing chytridiomycosis (Becker et al. 2011). For 
example, amphibian skin peptides and alkaloids may be 
toxic to invading bacteria if the host and foreign microbe 
did not co-evolve. Bacteria that are associated with frogs 
which secrete toxins from their skin can tolerate these 
toxins, while artificially introduced microbes may not 
(Becker et al. 2011). 

Although a number of experimental treatments for 
chytridiomycosis have been tried, viable treatment 
options for Bd remain debatable (Woodhams et al. 2012). 
Experimental solutions include the use of antifungal 
pharmaceutical drugs, which have their merits, but can 
also be toxic and have been known to kill or retard the 
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growth of treated frogs (Martel et al. 2011). This study 
included a minimum inhibitory concentration (MIC) 
assay that shows the in vitro effects of the antifungal drug 
amphotericin B on Bd-JEL274. Violacein-producing 
microbes were not found from swab cultures in this study 
therefore, the heterologous host £. coli-violacein was 
used to understand the chemical’s potency in comparison 
to native skin microbes in Bd inhibition assays. In order to 
better understand the basis for bacterial treatment options 
for chytridiomycosis, this pilot study also compared 
inhibitory capabilities between A. boreas skin-associated 
microbes. The results of this study can assist herpetologists 
in understanding how the relationships between an 
amphibian’s own native skin bacteria and Bd zoospore 
levels may be important aspects of chytridiomycosis 
management in captive or wild populations, which can 
help guide conservation strategies that involve treatment 
of Bd-infected amphibians. 


Materials and Methods 
Sample Collection 


During this study, the California State Polytechnic 
University, Pomona herpetological vivarium housed 
three A. boreas toads. This species was chosen based on 
its availability for repeated swabs and its conservation 
status. According to the IUCN, this species is declining 
in population, but it is not federally listed as Endangered. 
Toads were collected from Menifee, California 
(33°44’°07.75"N, 117°11°59.17"W, near McLaughlin 
Road). One male (#2) was collected in April 2011, and 
one male (#1) and one female (#3) were collected in 
May 2014 and housed with the original male. Toads were 
swabbed for bacterial collection according to Brucker 
et al. (2008). Each toad was handled using clean latex 
gloves and thoroughly rinsed with a minimum of 10 
mL sterile water to remove transient bacteria and soil 
contaminants. Using DNA-free rayon swabs (Medical 
Wire and Equipment Co., #MW 100-100), toads were 
swabbed five times at each of the following locations for 
a total of 25 strokes: ventral surface from mid-abdomen 
to cloaca; each inner thigh; and one stroke on the ventral 
side of webbing between each hind leg toe. Two swabs 
were used per individual toad, one for bacterial culturing 
and the other for Bd detection. For the bacterial collection 
swabs, the Copan Innovation™ swabbing system was 
used, in which the swabs were soaked in sterile PBS 
and the samples were shaken prior to spreading 50 uL of 
solution onto agar plates using a sterile spreader. 


Bacterial Culture and Isolation 
Swabs were thoroughly streaked onto 1% tryptone agar 
and Tryptic Soy Agar (TSA) plates to allow a variety 


of bacteria to grow in different nutrient conditions. 
Plates were incubated at 25 °C and colony growth 
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was characterized after 72 h, when individual colonies 
were picked from culture plates using a sterile loop and 
streaked for isolation onto new agar plates. Only the most 
visually unique and abundant colonies were sub-cultured 
and isolated. Visually unique colonies included those 
of differing colors, sizes, and textures. Each bacterial 
isolate was Gram stained and evaluated microscopically 
(Coico 2006). Bacterial taxa were then identified using 
16S rRNA gene sequencing analysis. 


Genomic DNA Extraction and 16S 
Sequencing 


rRNA Gene 


Genomic DNA was extracted from a total of 18 
bacterial isolates using the Invitrogen Easy-DNA Kit 
(cat No. K1800-01, Life Technologies™, Carlsbad, 
California, USA) for genomic DNA isolation, according 
to the manufacturer’s instructions. Extracted DNA was 
amplified using the eubacterial 16S rRNA gene primer 
set, B27f (5'-AGAGTTTGATCMTGGCTCAG-3') 
and B1492r (5'-ACCTTGTTACGACTT-3) [Eurofins 
Microbiology, Garden Grove, California, USA]. PCR 
parameters were 5 min at 94 °C; 35 cycles of 30 sec at 
94 °C, 30 sec at 55 °C, and 2 min at 72 °C; followed 
by 2 min at 72 °C. PCR product was purified using 
QIAquick PCR purification kit (cat. Nos. 28104 and 
28106, Qiagen, Hilden, Germany) and checked for DNA 
quality and quantity using an Implen NanoPhotometer® 
(Westlake Village, California, USA). Aliquots of 
samples were analyzed by gel electrophoresis to ensure 
proper amplification of the 16S rRNA gene region. The 
amplified products were sent for Sanger sequencing 
to Source BioScience (Santa Fe Springs, California, 
USA). Forward and reverse sequence reads were then 
concatenated using SeqTrace. Identification of the 16S 
gene in FASTA format was performed using NCBI 
BLASTn based on sequence similarity to GenBank 
sequence database entries (Altschul et al. 1990). 


Growth and Maintenance of Bd 


Bd-JEL274, originally isolated from A. boreas toads in 
Clear Creek Co., Colorado (1999), was obtained from 
Joyce Longcore of the Maine Chytrid laboratories, 
University of Maine. Bd was maintained in Tryptone 
Glucose hydroLysate (TGhL) broth or 1% (w/v) tryptone 
broth for seven days until active zoospores were visible 
under a dissecting microscope, and then sub-cultured 
periodically to maintain fresh cultures. Bd grew best in 
TGhL broth with incubation at 23—24 °C. Cultures were 
grown on agar plates and/or in 25-cm? Corning cell 
culture treated flasks and incubated for 5—10 days. Growth 
progress was viewed under a dissecting microscope. Once 
maximum zoospore production was observed, plates and 
flask tops were wrapped in Parafilm®, and stored at 4 
°C for up to two months. Zoospores were harvested by 
scraping the flask walls before aspirating liquid from the 
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flasks, and by flooding plates with 3 mL of 1% tryptone 
broth before transferring the zoospores and sporangia to 
new media. 


Production of Zoospores 


Bd was grown in broth until clumps of sporangia 
were visible to the unaided eye. A sterile serological 
pipette was used to add 0.75 mL of this broth culture 
to tryptone agar in 9-cm culture dishes. Inoculated 
dishes were left open in a laminar flow hood until the 
added broth was dry. Covers were replaced on dishes, 
which were then incubated at 23—24 °C. After 7—10 
days, active zoospores could be observed around the 
periphery of the fungal colonies by inverting the dishes 
on the stage of a dissecting microscope viewed at 40x. 
Zoospore concentration was measured by counting 
spores using a hemocytometer. To harvest zoospores, 
plates were flooded with 3 mL 1% tryptone broth and 
after ~10 min, zoospores in liquid were collected by 
pipetting. Glassware was bleached before washing and 
sterilization. All materials that contained or came into 
contact with the pathogenic fungus were autoclaved 
before disposal. 


Determination of Minimum Inhibitory Concentra- 
tion of Amphotericin B for Bd-JEL274 


The MIC of amphotericin B (X-Gen Pharmaceuticals, 
Inc., Big Flats, New York, USA) for Bd-JEL274 was 
determined using a macrodilution method in 24-well 
plates. The final assay concentrations of the drug were 
3.2, 1.6, 0.8, 0.4, 0.2, and 0.1 ug/mL. To each well, 200 
ul of TGhL culture broth containing one of the serial 
dilutions of amphotericin B was added to 200 ul of a 
five-day-old growing Bd culture, containing a mixture 
of approximately 1 x 10° Bd sporangia and zoospores. 
Cells were counted using a hemocytometer, then diluted 
in TGhL media until a standard 5 x 10° concentration 
of zoospores and sporangia was obtained. The MIC 
value was determined as the lowest concentration of 
amphotericin B at which no growth of Bd was recorded. 
Growth was assessed after 5, 7, and 10 days of incubation 
at 24 °C using stereoscopic and compound microscopic 
examination of the wells. To obtain final Bd cell counts, 
10 uL of spores from the appropriate wells were placed 
in a hemocytometer and five out of 25 grids were counted 
within the larger grid. The concentration of zoospores 
was calculated by multiplying the number of cells by five, 
and again by 10,000 to obtain cells/mL. This experiment 
was carried out in triplicate. 


Recombinant E. coli-Violacein 
Plasmid cloning vectors containing the violacein gene 


operon copied from Chromobactrium violaceum were 
obtained from Derek Sarovich (Sarovich and Pemberton 
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2007). The pPSX-viot+ vector (pPSX-violacein) 
produces moderate amounts of violacein. pJP1000 
(pUC18-violacein), a pUC18 derivative, is multi-copy 
and produces high levels of violacein. The pPSX-vio+ 
(pPSX-violacein-opvl) over-produces violacein. The 
relative degrees of violacein production were indicated 
by color intensity of the cultures (light to dark violet). 
The pPSX-vio+, pPSX-vio++, and pJP1000 vectors 
were transformed into Escherichia coli NEBS-alpha 
(New England BioLabs) using the manufacturer’s 
instructions. All plasmids were stable when cloned into 
E. coli, even under no selection pressure. Visual evidence 
of violacein production by E. coli was observed when 
cultures showed the deep violet color characteristic 
of violacein after transformation and throughout the 
passage of generations. 


Bd Inhibition Assays 


Inhibition assays followed Harris et al. (2006). Bd was 
grown on 1% tryptone, 1% agar plates for five days, or 
until maximum zoospore production was observed (up to 
seven days). Three mL of sterile water was added to each 
plate, and plates were rocked back and forth to loosen the 
zoospores from the agar. Plates were tilted so the liquid 
pooled on the side, and 0.75 mL was pipetted and spread 
onto four new tryptone plates using a sterile spreader. 
Each Bd plate was used to make four new plates. Plates 
were left to dry in a laminar flow hood for 45—60 min. 
After the Bd solution had soaked into the fresh agar plate, 
using a sterile loop one colony from each bacterial isolate 
(24-h agar cultures) was streaked across the center of the 
agar plate. Plates were incubated inverted at 24 °C for 
5-10 days. 


Scoring: Measurement of Zone of Inhibition 


Differences between bacterial isolates and between 
treatments for an isolate in inhibition experiments were 
tested after 7-10 days growth on agar medium. The 
bacterial isolates were tested in triplicate and scored 
as inhibitory against a lawn of Bd. Six points around 
the bacterial streak reaching to the edge of the zone of 
inhibition (ZOI) were measured using digital calipers. 
The average zone of inhibition (the distance between the 
edge of the bacterial streak where no Bd growth occurred 
and the edge of the Bd lawn) and standard deviations 
were calculated for all bacteria with inhibitory properties. 
Bacterial isolates were scored as “not inhibitory” if no 
zone of inhibition developed and the plates were covered 
with active zoospores after 7-10 days of incubation (ZOI 
= 0). Bacteria were considered “weakly inhibitory” if 
a clear ZOI < 10 mm developed between the bacterial 
streak and the Bd culture. Bacterial isolates with a ZOI 
> 10 mm were considered as having strong antifungal 
properties. When a bacterial streak overtook the whole 
plate, the assay result was considered indeterminate. If 
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an indeterminate result was obtained, the experiment 
was repeated two more times before being recorded as 
indeterminate. The negative control plates containing Bd 
showed complete lawns of Bd (Harris et al. 2006; Park 
et al. 2014). 


Statistical Analysis 


A non-parametric Kruskal-Wallis test followed by 
Dunn’s multiple comparisons tests were performed using 
GraphPad Prism version 6.00 for Windows (GraphPad 
Software, La Jolla, California, USA, http://www. 
graphpad.com). The Kruskal-Wallis rank test was used 
to test for differences in fungal inhibition by bacterial 
isolates. Differences were considered significant if P < 
0.05. A box plot for the amphotericin B Bd MIC assays 
was created in Rstudio (Version 1.0.136, RStudio, Inc.) 
to show differential growth between the positive control 
and the experimental groups. 


Bd Detection in Toads 


Toads were swabbed twice for the presence of Bd, nine 
months apart. Swabs were taken according to Kriger et 
al. (2006), using a sterile DNA-free fine-tipped rayon 
swab (Medical Wire and Equipment Co., #MW _ 100- 
100). Bd swabs were placed in microcentrifuge tubes 
containing 50 uL 70% ethanol and frozen at -20 °C 
until they could be brought to the Vredenburg lab at San 
Francisco State University (San Francisco, California, 
USA) for DNA analysis. Latex gloves were used during 
any interactions with housing, tubes, or frogs, and 
changed as necessary. DNA was extracted using Prepman 
Ultra (Life Technologies, Carlsbad, California, USA) in 
accordance with Cheng et al. (2011). DNA extracts were 
amplified following a standard, probe-based quantitative 
Polymerase Chain Reaction (qPCR) protocol using the 
standard Bd primer set ITS1-3-CHYTR and 5.8S-CHYTR 
(Boyle et al. 2004; Hyatt et al. 2007). 


Results 


Amphotericin B: Bd-JEL274 Minimum Inhibitory 
Concentration (MIC) 


MIC assays of the antifungal drug amphotericin B were 
conducted in the range of 0.1—3.2 ug/mL and indicated the 
MIC for Bd-JEL274 as 1.6 ug/mL. Little to no difference 
in growth was observed in wells with drug concentrations 
from 0.1-0.8 pg/mL, however, noticeable inhibition 
occurred at 1.6 ug/mL, where there were visibly fewer 
viable cells than in the positive control. The fungicidal 
effect of amphotericin B was obvious at 3.2 ug/mL, as 
the vast majority of cells were dead. The MIC value was 
determined as the lowest concentration of amphotericin 
B at which no growth of the Bd strain was recorded. A 
boxplot of the triplicate results was created to compare 
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Bd cell count (x 10°) 
4 


0.0 1.6 3.2 
Amphotericin B MIC (ug/mL) 


Fig. 1. The Kruskal-Wallis rank sum test for the boxplot returned 
a chi-squared value = 2, degrees of freedom (df) = 2, and P = 
0.3679. The Wilcoxon rank sum test for the positive control and 
the highest concentration of amphotericin B returned W =9, P= 
0.1. These analyses show that the alternative hypothesis is true 
and assumes that there is information in the magnitudes and 
signs of the differences between paired observations, because 
the mean (location shift) is not equal to 0. Observed differences 
in mean cell count between the three groups (0.0, 1.6, and 3.2 
ug/mL) are not statistically significant (P > 0.05). 


the positive control (0.0 ug/mL amphotericin B) with 
concentrations of amphotericin B for which Bd inhibition 
was detected by microscopy, namely 1.6 ug/mL and 3.2 
ug/mL (Fig. 1). For comparison, the result of the MIC of 
amphotericin B on Bd-JEL274 was 10-fold higher than 
previously reported for five other Bd strains (Martel et al. 
2011). Although mean differences between cell counts in 
the experimental groups versus the control group are not 
statistically significant, this 10-fold increase in drug dose 
relative to that reported in previous studies 1s likely to be 
lethal to amphibians, if tested in vitro. Therefore, testing 
the amphotericin B MIC for Bd-JEL274 on Bd-infected 
animals is not recommended. 


Bacterial Preparation and Identification 


Bacterial isolates from captive A. boreas skin swabs were 
cultured using either 1% tryptone (Trp) agar or Tryptic 
Soy Agar (TSA) media (Suppl. Fig. 1). Using BLASTn 
Basic Local Alignment Search Tool for nucleotides 
(Altschul et al. 1990), B27f and B1492r 16S rRNA gene 
sequence reads in FASTA format were queried in the 
NCBI sequence database to obtain the closest relative 
matches. The identity (Ident %) is recorded as the extent 
to which two nucleotide sequences have the same residues 
at the same positions in an alignment within the database, 
expressed as a percentage. Sixteen bacterial strains were 
isolated and identified from swabs. Isolates were Gram 
stained and only potential proteobacteria (Gram negative 
rods) were identified genetically. Bacterial identities 
determined by 16S rRNA gene sequencing and NCBI 
BLASTn included members from six distinct classes: 
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Flavobacteria (3), Gammaproteobacteria (1), Bacilli 
(4), Actinobacteria (4), Alphaproteobacteria (1), and 
Betaproteobacteria (2) [Table 1]. Two visually distinct 
isolates could not be identified by 16S region and 
subsequent NCBI BLASTn searches. Some genera were 
isolated from colonies which looked unique and identified 
more than once using 16S gene results and BLASTn. 
Duplicate isolates of genera include Microbacterium 
and Paenibacillus, while Chryseobacterium was isolated 
three separate times. 

No violacein-producing bacteria were isolated from 
the skin swabs, consequently, the inhibitory action of 
natural violacein producers could not be evaluated using 
a Bd inhibition assay. Instead, violacein production was 
introduced using recombinant £. coli strains for the 
purpose of comparing the fungal inhibition capacity of 
violacein to the bacteria isolated from toad skin swabs. 
The E. coli NEBS5-alpha strains included the negative 
control (unmodified E. coli), E. coli-vio+, E. coli-vio++, 
and E. coli-JP1000. Recombinant FE. coli expressed the 
characteristic deep violet color of violacein (Suppl. Fig. 
2). 


Bd Inhibition Assays 


To determine if any of the isolates exhibited natural 
antifungal activity against Bd, the bacterial isolates and 
recombinant E£. coli-violacein were challenged against 
Bd-JEL274 and the size of the ZOI around the bacterial 
streak was measured (Table 2). The violacein-producing 
E. coli strains did not produce significantly larger ZOI 
than the E. coli control. Of the 15 bacterial strains (11 
skin isolates and four £. co/i strains) challenged against 
Bd, 12 had a measurable ZOI surrounding the bacterial 
streak and the Bd clearing zones were well-delineated 
and clearly visible to the unaided eye (Fig. 2). According 
to the Kruskal-Wallis test, strong fungal inhibition 
coincided with bacteria that produced significantly larger 
ZOI than that of the violacein over-producer E. coli-vio+ 
(p < 0.05). A ZOI of 0.0 mm was associated with no 
inhibition, ZOI < 10 mm with weak inhibition, and ZOI 
> 10mm with strong inhibition. Lysinibacillus fusiformis 
swarmed over the agar, overtaking the entire plate, so a 
ZOI could not be determined, and therefore L. fusiformis 
was considered indeterminate (No Data/ND). 

The means and standard deviations of the ZOI for all 
trials were calculated for each bacterium tested (Table 
2). Among them, C. indologenes, exhibited the largest 
ZOI of 11.0 mm, more than twice the size of the ZOI 
exhibited by the recombinant violacein over-producer E. 
coli-vio+ (4.2 mm). Bacillus sp. also exhibited inhibitory 
action with an average ZOI of 7.6 mm. Four bacterial 
isolates; two Microbacterium isolates, Rhodococcus 
sp., and Brevundimonas sp., did not show any distinct 
zone of inhibition, as zoospores were distributed directly 
adjacent to the bacterial streaks (Fig. 3). 

A non-parametric Kruskal-Wallis test followed by 
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acillus sp. (right bacterial streak), 


Fig. 2. (A) and (B) Duplicate Bd negative controls, (C) E. coli-JP1000 (left bacterial streak) and B 
(D) E. coli-JP1000 displaying a clear ZOI surrounding the bacterial streak, (E) FE. co/i control. 


Table 1. Bacterial isolate identification 16S rRNA gene sequences. *Unclassified Micrococcacae. 


LD. Toad # Medium Gram stain iE tt Class Genus/species 
2xMD 1 1% Trp - rod 97 Flavobacteria Chryseobacterium 
indologenes 

4xMD 1 1% Trp - rod 98 Gammaproteobacteria Klebsiella oxytoca 

5xMD 3 1% Trp + rod 99 Bacilli Paenibacillus sp. 

7xMD 3 1% Trp + rod 97 Bacilli Paenibacillus pabuli 

8xMD zy) 1% Trp + rod 95 Actinobacteria Microbacterium 
petrolearium 

Al 1 TSA + cocci 97 Actinobacteria Micrococcaceae 

bacterium* 

A2L 1 TSA + rod 98 Actinobacteria Rhodococcus equi 

A3 1 TSA + rod 99 Actinobacteria Microbacterium sp. 

A5 1 TSA - rod 99 Alphaproteobacteria Brevundimonas sp. 

A6(Y) 1 TSA - rod 83 Betaproteobacteria Comamonas sp. 

A6P 1 TSA - rod 83 Betaproteobacteria Acidovorax ebreus 

A7 1 TSA - rod 92 Betaproteobacteria Ralstonia sp. 

A9 1 TSA - rod 98 Flavobacteria Chryseobacterium tenax 

Bl 3 TSA + rod 99 Bacilli Bacillus sp. 

B3 3 TSA + rod 99 Bacilli Lysinibacillus fusiformis 

B5 3 TSA - rod 97 Flavobacteria Chryseobacterium tenax 

A2D 1 TSA + rod - Unidentified 

A8 1 TSA - rod - Unidentified 
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Fig. 3. Microscopic images (40x) of Bd challenge assays. (A) Microbacterium, (B) Micrococcaceae, and (C) recombinant E. coli- 
vio+. Vertical arrows point to the Bd lawn and horizontal arrows point to the left side of the bacterial streak. Absence of Bd lawn 
within field of view indicates the inhibitory effect from the bacterial streak. Approximate diameter of field of view ~0.5 mm. 


Dunn’s multiple comparisons tests were performed to test 
the significance of the size of the ZOI (Table 3). When 
comparing the relative inhibition of the negative control 
(E. coli) to the toad bacterial isolates and the genetically 
modified E. coli-violacein strains, only C. indologenes 
and Bacillus sp. (this strain is closely related to Bacillus 
cereus) showed significantly larger ZOI than E. coli (P < 
0.0001). Among pairwise comparisons between isolates, 
C. indologenes inhibited Bd significantly more than the 
violacein overproducer E. coli-viot. Although Bacillus 
sp. also had average ZOI greater than E. coli-viot+ there 
was no significant difference between their inhibitory 
effects, nor was there was a significant difference 
between average ZOI of C. indologenes and Bacillus sp. 


Bd Detection by qPCR 


Toads #1 and #3 (see Materials and Methods) initially 
tested positive for Bd, while toad #2 tested negative. 
The zoospore equivalent (ZE) scores indicated low level 
infections (ZE scores of 37.68 and 4.96, respectively). 
Nine months later, the infected toads were swabbed 
again and qPCR analysis revealed a complete clearance 
of infection in toad #1, and substantial reduction of 
zoospore load in toad #3 (ZE scores of 0.0 and 0.0808, 
respectively). Toad #2 was euthanized due to extensive 
peripheral edema before the second Bd swab was taken. 


Discussion 


To gain a better understanding of chytridiomycosis 
treatment options, three in vitro Bd inhibition methods 
were tested: the antifungal drug amphotericin B for which 
the MIC value was determined, Bd inhibition assays 
using skin-associated microbes, and inhibition assays 
using the antifungal compound violacein in recombinant 
E. coli. The results of this study favor of augmentation of 
the natural skin microbiota as the most feasible, efficient, 
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and biologically relevant approach for chytridiomycosis 
treatment. 

Amphotericin B works by binding directly to 
ergosterol (a chemical in fungi which is functionally 
equivalent to cholesterol in animals), which disrupts 
fungal cell membrane permeability and causes leakage. 
This drug has a stronger binding affinity for ergosterol 
than for cholesterol, but still binds to cholesterol, making 
it potentially lethal for host cells as well as fungal cells. 
Amphotericin B has low selectivity and can potentially 
cause nephrotoxicity in vertebrate hosts (Odds et al. 
2003; Martel et al. 2011). However, this drug has been 


Table 2. Zone of inhibition (ZOI) for Bd inhibition assays. 


Bacterial strain Avg. ZOI (mm) S.D. 


C. indologenes 11.00 4.72 
Bacillus sp. 7.60 326 
E. coli-viot 421 4.55 
E. coli-JP1000 255 2.87 
Comamonas sp. Daly 2:95 
Micrococcacae bacterium 1.87 2735 
E. coli-viot++ 1.16 1.08 
A. ebreus 0.82 137, 
Ralstonia sp. 0.77 1256 
E. coli 0.46 Pill 
K. oxytoca 0.21 0.41 
Brevundimonas sp. 0.0 0.0 
Microbacterium sp. 0.0 0.0 
M. petrolearium 0.0 0.0 
R. equi 0.0 0.0 
L. fusiformis ND ND 
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Table 3. Dunn’s multiple comparison test for zones of inhibition (ZOI). Symbols and definitions: ns (not significant) = P > 0.05, * 


=P 10-052 8 SP a OO seer = P1000] 8 P0001 


Bacterium ZOI (mm) + SD E. coli E.cvt+ = Eic.JP E.c.v+ B.sp. Ci. 
C. indologenes (C.i.) 11.00 (+ 4.72) bo ey bi i sh ns 

Bacillus sp. (B.sp.) 7.60 (+ 3.26) Aci 3 ns ns 

E. coli-viot (E.c.v+) 4.21 (44.55) ns ns ns 

E. coli-JP1000 (E.c.JP) 255.45 287) ns ns 

E. coli-viot+ (E.c.v++) 1.16 (+ 1.08) ns 


E. coli 0.456 (+ 1.11) 


found to cause fewer grossly observable side effects than 
itraconazole, such as reduced growth, which can diminish 
host fitness. Carey et al. (2006) showed that Bd zoospore 
load caused chytridiomycosis-induced death in A. boreas 
toadlets with exposure to Bd-GPL genotype JEL275, and 
found that exposure to 1 x 10° zoospores for three days 
was sufficient to cause mortality in the toads. Each MIC 
assay in this study used a standard starting concentration 
of 1 x 10° zoospores, a 10-fold lower concentration than 
the Carey study, and this MIC value would be too high 
to be safely applied to in vivo animal studies. The MIC 
assay included in this study showed that Bd-JEL274 has 
a high tolerance for amphotericin B, inhibiting Bd growth 
at a dosage of 1.6 ug/mL, and killing Bd at 3.2 ug/mL. 
Previous amphotericin B MIC assays using different Bd 
strains have shown lower effective MIC levels (Martel 
et al. 2011). High resistance to amphotericin B by Bad- 
JEL274, in conjunction with previously established 
evidence of toxicity of amphotericin B to amphibians, 
suggests that this drug may not be a practical treatment 
option for in situ treatment of chytridiomycosis in A. 
boreas toads, as the dosage needed for significant effects 
could cause negative side effects such as nephrotoxicity, 
reduced growth, death, or other unforeseen outcomes. 
This study included a modest survey of the skin- 
associated bacteria from only three toads, and this 
approach corroborated the positive findings from 
previous amphibian microbiome studies. Although this 
study was narrow in terms of subjects, many of the 
same genera of skin-associated bacteria from these few 
captive toads are those also found throughout wild North 
American amphibian skin microflora (Roth et al. 2013). 
For example, the assemblage of microbes found was 
similar to that of wild-caught Colorado A. boreas toads, 
even though this pilot study used captive animals (Park 
et al. 2014). Previous studies on A. boreas have found 
bacteria closely related to those that were isolated from 
the captive toads here, such as Bacillus, Lysinibacillus, 
Rhodococcus, and Chryseobacterium, indicating that 
established skin-associated bacteria may persist through 
environmental changes (McKenzie et al. 2012). Of the 
bacterial isolates screened for potential anti-Bd activity 
in vitro, one of the 11 toad isolates (C. indologenes) 
inhibited Bd significantly better than the recombinant 
violacein over-producer, EF. coli-viot+, suggesting that 
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commonly occurring skin bacteria may be more efficient 
for use in chytridiomycosis treatment than the process 
of seeking out native violacein-producing bacteria in the 
amphibian population of interest. Two species of interest 
in this study, C. indologenes and Bacillus sp. (B. cererus), 
have previously been isolated from wild North American 
amphibians and have shown anti-Bd activity (Roth et 
al. 2013; Park et al. 2014). The antifungal properties 
of these bacteria provide insight into the ongoing 
investigations of using natural skin-associated bacteria 
as a bioaugmentation treatment for chytridiomycosis. 

Chryseobacterium indologenes is a Gram-negative, 
lactose non-fermenting, oxidase-positive, rod-shaped 
bacillus with a distinct yellow to orange pigment. This 
bacterium is found ubiquitously in soil, on plants, and 
in water sources (Wauters et al. 2015). The antifungal 
properties of C. indologenes have not been studied; 
however, a closely related species, Chryseobacterium 
aquaticum, is known to secrete proteases and chitinases, 
which break down chitinous fungal cell walls (Gandhi et 
al. 2009). Bacillus cereus is known to protect agricultural 
crops from fungal infections, and it naturally secretes the 
antibiotics zwittermicin A and kanosamine which inhibit 
the growth of fungal plant pathogens. The antifungal 
compounds of B. cereus strains have been developed 
as useful biological control agents in the suppression 
of fungi and crop diseases (Silo-Suh et al. 1994). The 
synergistic application of C. indologenes and B. cereus 
in the biocontrol of Bd should be further explored as a 
chytridiomycosis treatment. 

This study demonstrates that antifungal micro- 
symbionts can be found even within a small subset of 
bacteria cultured from amphibian skin, and that large- 
scale skin microbiota studies may not be necessary for 
finding antifungal bacteria that could potentially be used 
for disease treatment. 

Chryseobacterium indologenes, and possibly Bacillus 
Sp., may have assisted the hosts in clearing Bd infection. 
The three toads used in this study were captured from 
the wild in 2011 (#2), and 2014 (#1 and #3), and initially 
had contact with other A. boreas toads in the vivarium, 
preventing a clear determination of whether the Bd 
infections were contracted in the wild, or after the toads 
were brought into the vivarium. Despite Bd infection, the 
toads did not exhibit grossly observable symptoms of 
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chytridiomycosis, such as red legs and ventral surface, or 
skin sloughing. Two of the toads initially tested positive 
for Bd (#1 and #3) and either naturally cleared (#1) or 
reduced (#3) their infections. Having cleared the Bd 
infection within nine months suggests that the toads were 
infected recently at the vivarium and were not harboring 
the infection in the wild. The fact that C. indologenes 
was abundantly cultured from the skin swabs, and that 
it had significantly better capacity to inhibit Bd in vitro 
than all other isolates tested, circumstantially suggests 
that C. indologenes may have facilitated the observed 
clearing of Bd. One possible explanation for this is 
that the microbes were providing protection against Bd 
infection, but aside from this correlative evidence, other 
factors (such as general good health of the individuals or 
bufanolide production) could have also contributed to the 
clearing of infection. 

Before commencement and during the course of the 
study, toad #2 had peripheral edema of the left front 
leg. Toad #2 initially tested negative for Bd but was 
euthanized due to signs of lethargy and a severely swollen 
leg before the second swab was taken. As a known 
opportunistic pathogen of amphibians, C. indologenes 
can cause peripheral edema among other symptoms in 
captive and wild animals, especially if the pathogen can 
enter the body through a lesion (Olson et al. 1992; Mauel 
et al. 2002). The effect of C. indologenes presence in the 
enclosure was not measured, however it 1s conceivable 
that there may have been an effect of inhibitory bacteria 
on the health status of the toads. The peripheral edema 
in one toad and the low level Bd infection in the other 
two toads that naturally cleared over time may have been 
correlated with the abundance of Chryseobacterium that 
was cultured from the skin swabs. Such knowledge of 
antifungal bacteria as shown in this study is encouraging 
for the future of amphibian microbiome research, and for 
the control of Bd without introducing pharmaceuticals to 
the natural environments, which could negatively affect 
non-target organisms. 

Chryseobacterium indologenes, a common bactertum 
that seems to be highly abundant in the skin microbiome 
of North American amphibians, may have a better 
potential for use in the treatment of chytridiomycosis 
than the widely studied violacein-producing bacteria 
such as J. lividum. Additional studies could involve in 
vivo bioaugmentation assays using C. indologenes to 
understand the mechanism of its capacity for reducing 
zoospore load of infected amphibians and identify whether 
this bacterium can be safely inoculated onto otherwise 
healthy animals. It may be helpful to determine which 
antifungal compound(s) Chyrseobacterium secretes, 
and test whether these compounds can be isolated and 
utilized to treat chytridiomycosis. 

The use of single isolates in a sterile experimental 
environment can be useful for establishing baseline 
observational data, but microbes do not exist in isolation 
in the natural world. Recombinant E. coli that expresses 
violacein may not fully represent how native microbes 
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deliver or utilize this compound. For example, violacein 
is secreted by C. violaceum in extracellular membrane 
vesicles to both solubilize the hydrophobic pigment 
and transport the compound to other microorganisms 
in aqueous solutions, a mechanism that is partially 
responsible for its bactericidal effects (Choi et al. 
2019). The secretion mechanism of violacein produced 
synthetically by plasmid DNA in recombinant E. coli is 
unknown and could impact violacein’s biocidal effects. 

Native microbial communities may also shape 
chytridiomycosis treatment strategies as amphibian skin 
supports a complex microecosystem. Isolated bacteria 
may not behave in the same way or excrete the same 
chemical compounds that they would in community 
settings. Antifungal bacteria have the potential to be 
augmented and used as natural biocontrols for Bd 
infection, however multi-species communities are 
known to inhibit Bd growth more than monocultures 
of constituent species, an important consideration for 
designing probiotic treatments (Piovia-Scott et al. 2017). 

Interbacterial complementarity and synergy are 
important for healthy community function, and 
multispecies interactions should be studied in depth before 
performing in vivo trials of single isolate bioaugmentation. 
For example, the presence of C. indologenes has been 
shown to increase the survival of C. violaceum when 
the two organisms are co-cultured. When grown in co- 
culture with other sympatric bacteria, the production of 
violacein by C. violaceum can be reduced or decolorized, 
though violacein production is not reduced when grown 
in co-culture with C. indologenes (Shiau and Lin 2011). 
To achieve maximum &d inhibition, future studies should 
include the selection of probiotic mixtures of bacteria that 
each have antifungal properties and are complimentary 
to each other’s growth and production of antifungal 
compounds, perhaps a combination of C. indologenes 
and J. lividum. 
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Supplementary Figures 


Fig. $2. E. coli-violacein transformations. vances gene transformations of E. coli. (A) Example of NEB5- alpha-pJP1000 colony 
growth after 24 h post heat shock transformation. Each week, transformants were passed by re-streaking onto fresh agar and incubated at 
37 °C for 24 h. (B) NEBS5-alpha-pPSXviot, (C) NEB5-alpha-pPS Xviot+. 
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The Rain Frog, Pristimantis savagei (Anura: Crau- 
gastoridae), is a Colombian endemic species distributed 
from the sub-Andean forests to the sub-paramo of the 
eastern slopes of the Eastern Mountain Range, ranging 
from 600 to 3,000 m of elevation (Acosta-Galvis 2018). 
It is a nocturnal species that prefers rocks, shrubs, and 
tree leaf microhabitats, and in secondary forests it can 
be found near water bodies (Van Berkum 1982). There is 
currently little knowledge of the biotic interactions and 
natural history of this species, as well as its predators, 
habitat use, population density, and other aspects of basic 
biology. 

The arachnids of genus Trechalea (Thorell, 1869) 
(Arachnida: Trechaleidae) are aggressive predators of 
a large variety of prey, including both vertebrates and 
invertebrates, and they can be easily identified because 
they are relatively large spiders with a prosoma length 
of 6.1-11.0 mm (Carico 1993). They are mainly found 
on rocks, trunks, leaves, and on the ground near water 
bodies (Van Berkum 1982). They are also reported to 
favor specific foraging sites near water bodies, possibly 
due to the prey availability in these habitats (Van 
Berkum 1982; Adams 2000). As for the Rain Frog in the 
Neotropics, limited information is available regarding its 
foraging, types of prey, and general resource use (Whiles 
et al. 2006; Cortés-Goémez et al. 2015). 

During recent nocturnal sampling for characterizing 
the amphibian fauna ina sector of the Piedemonte Llanero 
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in the Municipality of Villavicencio-Meta, Colombia 
(Fig. 1), which is characterized by having Pourouma 
guianensis, Rinorea macrocarpa, and Cassia moschata 
mixed forests (Rangel-Ch and Minorta-Cely 2014), 
we recorded a predation event in which an individual 
Trechalea sp. spider depredated a Rain Frog Pristimantis 
savagei (Fig. 2). The behavioral observation occurred 
on 20 March 2018 during the heaviest rain season of the 
year, after 2100 hours, near the stream of Cafio Buque, in 
the village of El Carmen, municipality of Villavicencio, 
Meta, Colombia (4°8.641’N, 73°40.071’W, 737 m asl). 
The area of the finding was characterized as a gallery 
forest, slightly intervened with canopy cover that 
exceeded 60%, and the presence of a large amount of 
rocks, and a stream with a low flow. 

Specifically, the predation event took place in the 
following sequence of events. The spider was situated 
on a rock at an approximate height of 150 cm, and less 
than 1 m from the water body (Fig. 3), with a passive 
foraging behavior (stillness). During the capture of the 
prey there were no major movements for more than 
10 minutes, from either the spider or the frog. Despite 
being alive, the frog offered no resistance to predation, 
perhaps due to a substance injected by the arachnid. 
The secretion of digestive enzymes could be seen, 
which turned the frog into a “broth” (Fig. 4), as was 
also described by Toft (2013) as a feeding mechanism 
of these spiders. 
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Fig. 1. Site of Pristimantis savagei predation by Trechalea 
sp., in a sector of Piedemonte Villavicencio-Meta, Colombia. 
The red dot indicates the exact site of discovery in the Cafio 
Buque. 

The findings of anuran depredation by spiders have 
been well documented in some neotropical regions (e.g., 
Toledo 2005; Pombal, 2007). The works by Costa-Pereira 
et al. (2010), found that for some spiders of families 
Psauridae and Trechaleidae, their diet included juvenile 
Osteocephalus taurinus frogs, and that depredation 
was attributed to the corporal size and abundance of 
this frog in the juvenile phase, which led to it being a 
major component of the diet of the spiders. Moura et 
al. (2011) recorded the depredation of Dendropsophus 
melanargyreus by the giant spider, Ancyclometes rufus, 
in zones near streams. Also, Kirchmeyer et al. (2017) 
recorded the depredation of the tree frog, Scinax similis, 
by a weaver spider, Eriophora fuliginea, where the prey 
was alive wrapped in the spiderweb. While these are just 
a few examples, many of these reports are similar to the 
event reported here for the Piedemonte Llanero, which 
could indicate a relatively common pattern in these 
biological interactions. 

The importance of this finding lies in its addition 
to the known natural history of this predator and the 
interspecific interactions of the prey, and it contributes 
to the debate of new questions in the investigation of 
the trophic network dynamics in an established area. In 
addition to Trachaleidae, there are records of seven other 
families of Araneae as anuran predators, while most of 
the cases where recorded for the fisher spiders from the 
family Pisauridae (Toledo 2005). For the Trechaleidae 
family, very few cases have been reported on its hunting 
behavior (Hofer and Brescovit 2000), foraging modes, or 
predation rates, however the observation reported here 
adds the first detailed record for the Piedemonte region 
in Colombia, and brings to mind new investigations as 
documented by Barbo et al. (2009) for other latitudes. 
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Fig. 2. Record of predation of Pristimantis savagei by Trecha- 
lea sp., in a sector of Piedemonte, Villavicencio-Meta, Colom- 
bia. 


Fig. 3. Warning stance of the spider 7rechalea sp. The indi- 
vidual was on a rock at an approximate height of 150 cm, less 
than 1 m from the water source. 


Fig. 4. 7rechalea sp. individual secreting its digestive juices. 


Other aspects of importance for the predatory 
event of Trechalea sp. on Pristimantis savagei are the 
anthropogenic stressors witnessed in the study area 
(habitat loss and fragmentation), because these have been 
reported to impact, in either a positive or negative way, 
the interspecific interactions and lead to imbalances in 
the natural system (Mahecha-J and Diaz-S 2015). 

Finally, our results in this work provide a baseline in 
the formulation of new questions for investigation that 
can lead to a better understanding of the dynamics (on 
the interspecific level) of interaction networks in areas 
with high ecological and biological value, such as the 
Piedemonte Llanero of Colombia. 


May 2020 | Volume 14 | Number 2 | e236 


Spider predation on anuran in Colombia 


Acknowledgment.—The authors thank CONANDINO 
and the Universidad Pedagdogica y Tecnoldgica de 
Colombia who financed the framework project through 
Agreement 057-2017. 


Literature Cited 


Acosta-Galvis AR. 2018. Lista de los Anfibios de 
Colombia. Batrachia, Villa de Leyva, Boyaca, 
Colombia. Available: —_ http://www.batrachia.com 
[Accessed: 5 May 2020]. 

Adams MR. 2000. Choosing hunting sites: web site 
preferences of the orb weaver spider, Neoscona 
crucifera, relative to light cues. Journal of Insect 
Behavior 13(3): 299-305. 

Barbo FE, Rodrigues MG, Couto FM, Sawaya RJ. 2009. 
Predation on Leptodactylus marmoratus (Anura: 
Leptodactylidae) by the spider, Ctenus medius 
(Araneae: Ctenidae), in the Atlantic Forest, Southeast 
Brazil. Herpetology Notes 2(19): 99-100. 

Carico JE. 1993. Revision of the genus 7rechalea Thorell 
(Araneae, Trechaleidae) with a review of the taxonomy 
of the Trechaleidae and Pisauridae of the Western 
Hemisphere. Journal of Arachnology 21(3): 226-257. 

Cortés-Gomez AM, Ruiz-Agudelo CA, Valencia-Aguilar 
A, Ladle RJ. 2015. Ecological functions of neotropical 
amphibians and reptiles: a review. Universitas 
Scientiarum 20(2): 229-245. 

Costa-Pereira R, Martins FI, Sczesny-Moraes EA, 
Brascovit A. 2010. Predation on young treefrogs 
(Osteocephalus taurinus) by arthropods (Insecta, 
Mantodea and Arachnida, Araneae) tn Central Brazil. 
Biota Neotropica 10(3): 469-472. 

Hofer H, Brescovit AD. 2000. A revision of the 
Neotropical spider genus Ancylometes (Bertkau 1880) 
(Araneae: Pisauridae). Predation on young treefrog 
(Osteocephalus taurinus) by arthropods (Insecta, 
Mantodea and Arachnida, Araneae) tn Central Brazil. 
Insect Systematics & Evolution 31(19): 323-360. 


Kirchmeyer J, Amaral L, Magaldi A, Baptista R, Carvalho- 
e-Silva S. 2017. Predation on the treefrog, Scinax similis 
(Anura: Hylidae), by the orb-weaver spider, Eriophora 
fuliginea (Araneae: Araneidae), in southeastern Brazil. 
Phyllomedusa: Journal of Herpetology 16(1): 113-116. 

Mahecha JO, Diaz-S V. 2015. Aproximacion ala diversidad 
taxonomica de las mariposas diurnas (Lepidoptera: 
Papilionoidea) en la Vereda Cafreria, Municipio 
Icononzo, Tolima. Revista Cientifica Unincca 2: 83-91. 

Moura MR, Azevedo LP. 2011. Observation of 
predation of the Giant Fishing Spider Ancylometes 
rufus (Walckenaer, 1837) (Araneae, Ctenidae) on 
Dendropsophus melanargyreus (Cope, 1877) (Anura, 
Hylidae). Biota Neotropica 11(4): 349-351. 

Pombal Jr JP. 2007. Notas sobre predacéo em uma 
taxocenose de anfibios anuros no sudeste do Brasil. 
Revista Brasileira de Zoologia 24(3). 841-843. 

Rangel-Ch O, Minorta-Cely V. 2014. Los tipos de 
vegetacion de la Orinoquia colombiana. Pp. 533-612 
In: Colombia Diversidad Bidtica XIV. La region de la 
Orinoquia de Colombia. Editor, Orlando Rangel-Ch 
J. Instituto de Ciencias Naturales, Bogota, Colombia. 
895 p. 

Toft S. 2013. Nutritional aspects of spider feeding. Pp. 
373-384 In: Spider Ecophysiology. Editor, Nentwig 
W. Springer, Berlin/Heidelberg, Germany. 529 p. 

Toledo LF. 2005. Predation of juvenile and adult anurans 
by invertebrates: current knowledge and perspective. 
Herpetological Review 36(4): 395-400. 

Van Berkum FH. 1982. Natural history of a tropical, 
shrimp-eating spider (Pisauridae). Journal of 
Arachnology 10(2): 117-121. 

Whiles MR, Lips KR, Pringle CM, Kilham SS, Bixby RJ, 
Brenes R, Connelly S, Colon-Gaud JC, Hunte-Brown 
M, Huryn AD. 2006. The effects of amphibian popula- 
tion declines on the structure and function of Neotropi- 
cal stream ecosystems. Frontiers in Ecology and the 
Environment 4. 27-34. 


Amphib. Reptile Conserv. 26 


Diego Escamilla-Quitian is a last-semester student of Biology at the Universidad Pedagogica y Tecnoldgica 
de Colombia and belongs to the Biodiversity and Conservation research group. Diego has great interest in 
studying the ecology, conservation, and taxonomy of amphibians and reptiles of the Colombian territory. He 
has carried out research work in the Colombian Andes and in the Choco Biogeographic Region. 


Azarys Paternina-Hernandez is currently a researcher in the Biodiversity and Conservation research group 
at the Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogota, Colombia. Azarys obtained 
an M.Sc. from the Instituto de Ciencias Naturales, Universidad Nacional de Colombia, Bogota, Colombia, in 
the subject of Landscape Ecology and Amphibian ecology. Azarys is particularly interested in amphibians, 
focusing on their habitats, ecology, and conservation. 


Juan E. Carvajal-Cogollo is currently an Associate Professor in the Biology program, Universidad Pedagégica 
y Tecnologica de Colombia, and is the director of the Museo de Historia Natural Luis Gonzalo Andrade, 
Tunja, Colombia. Juan obtained his Ph.D. from the Instituto de Ciencias Naturales, Universidad Nacional de 
Colombia, Bogota, Colombia, in the subject of Landscape Ecology and reptile ecology. He has a keen interest 
in the natural history of neotropical amphibians and reptiles, and has authored several articles in international 
journals and book chapters on Colombian biodiversity. Juan is particularly interested in the habitats, ecology, 
and conservation of amphibians and reptiles. 


May 2020 | Volume 14 | Number 2 | e236 


Official journal website: 
amphibian-reptile-conservation.org 


Amphibian & Reptile Conservation 
14(2) [General Section]: 27-46 (e237). 


Endemism on a threatened sky island: new and rare species 
of herpetofauna from Cerro Chucanti, Eastern Panama 


123Abel Batista, ?**Konrad Mebert, 7Madian Miranda, 7Orlando Garcés, 7Rogemif Fuentes, 
and °Marcos Ponce 


'ADOPTA El Bosque PANAMA 2Los Naturalistas, PO. Box 0426-01459 David, Chiriqui, PANAMA ?2Universidad Autonoma de Chiriqui, Ciudad 
Universitaria El Cabrero David, Chiriqui, 427, PANAMA ‘Programa de Pos-graduacgao em Zoologia, Universidade Estadual de Santa Cruz, 
Rodovia Jorge Amado, Km 16, 45662-900, Ilhéus, Bahia, BRAZIL *Museo Herpetoldgico de Chiriqui, PANAMA 


Abstract.—Cerro Chucanti in the Darien province is the highest peak in the Majé Mountains, an isolated massif in 
Eastern Panama. In addition to common herpetological species such as the Terraranas, Pristimantis cruentus, 
and P. caryophyllaceus, rare species such as Pristimantis moro and Strabomantis bufoniformis occur as well. 
Recent expeditions to Cerro Chucanti revealed a remarkably rich diversity of 41 amphibian (19% of the total 
in Panama) and 35 reptile (13% of the total in Panama) species, including new and endemic species such as 
a salamander, Bolitoglossa chucantiensis, a frog Diasporus majeensis, and a snake, Tantilla berguidoi. Here, 
an up-to-date summary is presented on the herpetological species observed on this sky island (an isolated 
mountain habitat with endemic species), including several species without definitive taxonomic allocation, new 
elevation records, and an analysis of species diversity. 
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Resumen.—El Cerro Chucanti en la provincia de Darién es el pico mas alto de las montanas de la serrania de 
Majée, un macizo aislado en el este de Panama. Ademas de las especies herpetologicas comunes como las 
ranas, Pristimantis cruentus, y P. caryophyllaceus, tambien ocurren especies raras, p. ej. Pristimantis moro y 
Strabomantis bufoniformis. Las recientes expediciones al Cerro Chucanti revelaron una gran diversidad de 41 
especies de anfibios (19% del total en Panama) y 35 especies de reptiles (13% del total en Panama), incluidas 
especies nuevas y endémicas, como la salamandra, Bolitoglossa chucantiensis, la rana Diasporus majeensis 
y la serpiente, Tantilla berguidoi. Presentamos un resumen actualizado de las especies herpetologicas 
observadas en esta “sky island” (un habitat de montana aislado con especies endemicas), que incluye una 
multitud de especies sin asignacion taxonomica definida, nuevos registros de elevacion y un analisis de la 
diversidad de especies. 
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Introduction 


For the last few decades, the knowledge on the 
herpetofauna of Panama has experienced a rapid increase, 
revealing a high species richness with 219 species of 
amphibians (Batista et al. 2016; Hertz 2015) and 263 
of reptiles (Lotzkat 2015). Most herpetological studies 
have been concentrated in Central Panama and more 
recently in Western Panama (Hertz 2015; Lotzkat 2015). 
Many areas remain poorly explored, and several remote 
sites are threatened and urgently need an evaluation of 
their species diversity and population status. The focus 


of recent studies has shifted to the herpetofauna of the 
far less known eastern half of Panama (Batista et al. 
2014a,c, 2015, 2016a,b), with most distinctive areas 
lacking representative species check lists. The Chucanti 
Private Nature Reserve (CPNR) is one such area without 
any comprehensive inventory. The reserve is part of the 
Eastern Panamanian montane forests (World Wildlife 
Fund 2014) and lies within the Serrania de Majé 
(hereafter, Majé Mountains). These mountains contain 
many peaks between 800—1,200 m asl, but only Cerro (or 
Mount) Chucanti reaches an elevation of >1,400 m asl 
(Samudio 2001). 
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Endemism on a Threatened Sky Island 


Cerro Chucanti represents a sky island (Doge 1943; 
Heald 1967, pp. 114-126), a concept widely used in the 
study of island biogeography that describes mountains 
as “islands of habitat” (e.g., Quammen 2004, pp. 436— 
447, Warshall 1994). Indeed, because of its higher 
elevation, Cerro Chucanti is the only area within the 
Mayjé Mountains covered predominantly by cloud forest, 
and it is isolated from the nearest equivalent cloud forest 
of the Cerro Pirre range by a stretch of 120 km which 
consists of completely different lowland terrain. More 
than a dozen new species of fungi, plants, invertebrates, 
and vertebrates have recently been described which are 
known only from Cerro Chucanti (see articles listed 
at: http://adoptabosque.org/chucanti/newspecies/). 
Unfortunately, as much as tropical sky islands have 
promoted the evolution of endemic species, and thus, 
harbor a disproportionately high diversity, they are under 
increasing threat from global warming, causing the 
redistribution of biodiversity patterns (Pecl et al. 2017), 
and from drastic habitat loss due to upward displacement 
of species (Kok et al. 2016; Haines et al. 2017; Mizsei et al. 
2020) where the local topography allows this (Sekercioglu 
et al. 2008). In addition, the montane rainforest of Cerro 
Chucanti is significantly threatened by slash-and-burn 
agriculture, as well as logging and cattle ranching on all 
but the steepest slopes (http://www.rainforesttrust.org/ 
expansion-of-the-cerro-chucanti-nature-reserve/). Species 
restricted to sky islands like Cerro Chucanti are thus 
clearly at risk of extinction, so protecting pristine land 
becomes a priority. To address this, Rainforest Trust has 
partnered with ADOPTA (http://www.adoptabosque.org) 
to purchase land with the long-term aim of creating a 
broader government-protected area. 

Furthermore, there is an urgent need to evaluate the 
exact species composition and status of the amphibians 
and reptiles of the Cerro Chucanti sky island, because high 
altitude ectothermic animals are particularly vulnerable 
to climate change due to their low dispersal ability, a 
high level of habitat specialization, and fragmented 
distributions (Davies et al. 2004; Sinervo et al. 2010). 
A few herpetological studies have been conducted in the 
Majé Mountains; including the first amphibian diversity 
study in 2007 by Medina et al. (2019), and some effort 
focusing on the entire herpetofauna of the Cerro Chucanti 
by the current authors since 2012 (e.g., Batista et al. 
2014b), resulting in one new species of salamander and 
a snake described for this peak area (Batista et al. 2014a, 
2016b). This article presents the first check list on the 
herpetofauna of CPNR, including the recently described 
species and those in anticipation of a formal description. 
Furthermore, analyses of abundance and diversity are 
presented. 


Methods 


Located in the southeastern part of the Majé Mountains, 
the higher elevation Cerro Chucanti (1,439 m_ asl, 
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8.8046°N, 78.4595°W; Fig. 1A,B) is part of the eco-region 
“Eastern Panamanian Montane Forests” (World Wildlife 
Fund 2014). There is no particular climatic information 
available for this mountain range (Samudio 2001), but 
according to the eco-region, the precipitation varies 
between 3,000 and 4,000 mm/year, and the temperature 
between 20 and 27 °C (World Wildlife Fund 2014). The 
vegetation belts of Cerro Chucanti are Tropical Lowland 
Wet/Moist Forest (0-600 m asl), Premontane Moist 
Forest (S00—1,000 m asl), and a small area of Premontane 
Wet Forest above 1,000 m asl (Holdridge 1967; with 
modifications from ANAM 2010; Ramirez 2003). In this 
region, rainfall occurs mostly during April—December 
(Rio Majé Meteorological Station, 70 m asl; http://www. 
hidromet.com.pa/, accessed on 19 Sep 2015). To evaluate 
the status of the CPNR herpetofauna, surveyors walked 
along transects with 1-2 m width by applying VES 
(Visual Encounter Survey) and some voice recording 
of the anurans. Only post-metamorphic life stages of 
anurans were sampled. The two investigated areas within 
the reserve are described below. 

Premontane Moist Forest (PMF, Fig. 2). PMF is the 
area surrounding the Chucanti Biological Station (~800 
m asl), with the forest continuing along a trial above the 
station up to ~950 m asl. The forest is pristine with an 
open understory and variably-sized boulders scattered 
across the floor, which provide many holes and crevices 
that can be used as shelter for amphibians and reptiles. 
The leaf litter is scarce, mainly due to the inclination 
of the terrain (with some slopes > 40°). The area below 
the biological station is structured by two trails and the 
Chucanti Creek. The main trail, labeled “Entrance” in 
Fig. 1B, leads after a few hundred meters downward to 
the exit of the reserve, and into an open pasture land. This 
area consists mainly of secondary forest (~15 years old). 
The second trail continues along “Helicopteros trail” 
into a loop to the top of Cerro Chucanti and back along 
“Chucanti” and “Escalera trails” to the biological station. 
Most areas below 900 m asl are covered by old growth 
secondary forest. The PMF zones of both trails, including 
the short trail labeled Cascada (Fig. 1B), and Chucanti 
Creek were sampled along eight transects during three 
visits to the reserve on 1-5 December 2012, 2—5 April 
2015, and 8-16 October 2016 (Table 1). 

Premontane Wet Forest (PWF, Fig. 2). This forest 
begins as low as 950 m asl, where the PMF changes 
gradually into the PWF as one ascends. It is a cloud forest 
that covers the mountain ridges and several smaller peaks 
around Cerro Chucanti. The understory is filled with 
palm trees, ferns, and plenty of epiphytes, whereas tree 
bark and branches are copiously covered by moss. The 
trail up the slope from the biological station passes by 
two helicopter wreckages (which crashed decades ago) 
and leads to Camp Site | at 1,200 m asl. The understory 
and forest floor of the highest areas surrounding Cerro 
Chucanti (1,350-1,439 m asl) and the ridge following 
east to a second peak (1,290 m asl) are extensively 
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Fig. 1. (A) Satellite map and (B) abstract digital map showing the trails used on Cerro Chucanti for transects in the PWF (beige, 
black, partly blue, and red dashed trails) and PMF (orange, dark-grey, and green dashed trails). Records of some species are also 


shown (see Materials and Methods for details). 


covered with bromeliads and moss (Fig. 2). Twelve 
transects were laid out in this forest, some of which were 
sampled repeatedly during 2012—2016, whereas others 
were visited only once (Table 1). Transects all started or 
ended at Camp Site 1 and were set up along the following 
five trails/areas (Fig. 1B): (1) Chucanti top: covers the 
peak; (2) Helicopteros trail: expands along the main trail 
down to the biological field station; (3) Chucanti SSW 
trail: follows the ridge south-south-west; (4) Chucanti 
NNE trail: follows the ridge north-north-east; and (5) 
Short Loop and Cristalita: includes two transects on 
slopes down to 1,200 m asl and 1,040 m asl, respectively, 
which lead to the “Cristalita” stream (Spanish for little 
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glass), so-named during our surveys because of the loud 
choir of calling glass frogs when we arrived there the 
first time (see details in Fig. 1 and Table 1). Georeference 
points were recorded using a Garmin GPSmap 60CSx 
in the WGS 1984 datum format, changed into decimal 
degrees, and maps created in QGIS 2.18.0. 

Species identification mainly used the keys by Kohler 
(2008, 2011), augmented by specialized publications 
on the amphibians and reptiles of Eastern Panama. 
Specimens that could not be positively identified in the 
field, or for which taxonomic allocation was doubtful, 
were collected with the permission of the Ministerio 
de Ambiente (permits for 2012: SC/A-33-12; for 
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Fig. 2. Study area at CPNR. (A) Cerro Chucanti; (B) entrance to the reserve; (C) Camp Site 1, on 2016; (D) modern toilet at Camp 
Site 1; (E—-F) forest above 1,300 m asl; (G) view of the secondary forest around the biological station up to the cloud forest on the 
ridge; (H) the field team, at 1,200 m asl from left: Madian Miranda, above Rogemif Fuentes, Orlando Garces, below Abel Batista, 
and lower right Konrad Mebert. 
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2013: SEX/A-7-13; for 2016: SE/A-60-16). Collected 
specimens were euthanized by applying T61 solution, 
preserved with 5 ml formalin (36%) in 1 L ethanol 
(94%), and subsequently stored in ethanol (70%). 
Specimens were deposited in the Senckenberg Museum 
of Frankfurt (SMF), Museo Herpetologico de Chiriqui 
(MHCH), or Museo de Vertebrados de la Universidad 
de Panama (MVUP). The nomenclature used to make 
the check lists corresponds to the taxonomy obtained 
from AmphibiaWeb (http://amphibiaweb.org/) and The 
Reptile Database (http://reptile-database.org/). 

To evaluate the abundance and diversity status of 
amphibians and reptiles in the CPNR, diversity analyses 
were performed using PAST software (Hammer et al. 
2001). Dominance (D), Shannon (H’) and Equitability 
(J) were used as metrics for community evenness 
inferences. Relative richness was calculated dividing the 
number of taxa per hour of survey time in a transect. To 
predict the maximum number of reptile and amphibian 
species by forest type, we applied ESTIMATES (Colwell 
2006), using the sample-based estimation with 100 runs 
of randomization and extrapolated to a factor of doubling 
the effort made. 


Results 


The surveys accumulated a sampling effort of 198 man/ 
hr and covered 11,793 m of trails (Table 1). A total of 
41 amphibian and 35 reptile species were found for the 
CPNR (Figs. 3—5; Appendix 1). These numbers consist 
of: total of observed species, including those newly 
described since 2014 (29 amphibians, 24 reptiles); 
potentially new species (nine amphibians, three reptiles): 
species likely to occur on Cerro Chucanti, but found in 
similar habitats and elevations of an adjacent area within 
the Majé Mountains (two amphibians, eight reptiles): 
and one non-collected species of a Marsupial Frog heard 
from the canopy tree at Camp Site 1 during the 2012 
survey. A video-recording captured the brief calls of at 
least three specimens, with identifications that they most 
likely refer to Gastrotheca nicefori corroborated among 
experts (including W.E. Duellman and U. Sinsch). 
Among the transects, amphibians were more diverse 
at lower elevations with 27 species in the PMF versus 
20 species higher up in the cloud forest or PWF (Fig. 
6; Appendices 2-3). This diversity is also reflected in 
the higher relative species richness index in the PMF 
versus PWF for amphibians (average richness index 
across transects per forest type: 1.42 versus 0.84). 
According to the estimations, a slight increase in the 
number of species may occur if the hourly effort made 
were doubled, with three more species in the PMF 
and one in the PWF. Reptiles showed a comparatively 
smaller general species richness (Fig. 6; Appendices 
2-3), but a much greater increase would be expected 
than in amphibians if the sampling effort were doubled, 
with nine more species in the PMF and seven in the 
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PWF (Fig. 6). The relative richness in reptiles was also 
greater in the PMF than in PWE (average richness index 
across transects per forest type: 0.46 versus 0.24). The 
PME showed also a more evenly distributed community 
for both taxonomic groups and most transects (Fig. 6; 
Appendices 2-3). The amphibian community in the PWF 
was dominated by three species with the highest relative 
abundance (Pristimantis caryophyllaceus, Diasporus 
majeensis, and Pristimantis cruentus), which together 
contributed 75% of all amphibian individuals seen in 
that forest (Figs. 7-8). Among reptiles, a potentially new 
lizard, Ptychoglossus aff. plicatus, and snake, Geophis 
aff. brachycephalus, were the species with the highest 
relative abundance in the PWF, contributing 62% of all 
reptiles (Figs. 9-10). Across both forest types, amphibian 
and reptile species numbers were higher in aquatic than 
terrestrial habitats (Fig. 11). 

Of the defined species from the CPNR, only one is 
listed in any threat category of the IUCN, Pristimantis 
pardalis, which is listed as “Near Threatened.” Most of 
the remaining species are listed in the “Least Concern” 
category or have not been evaluated yet (see Appendix 1). 
However, according to the environmental vulnerability 
score (EVS), three amphibian and 12 reptile species 
are listed in the “high” EVS category (Johnson et al. 
2015), although most amphibians scored in the “low” 
EVS category and most reptiles in the “medium” EVS 
category (see Appendix 1). 


Discussion 


The high endemism of Cerrro Chucanti, and Eastern 
Panama (EP) in general, is a consequence of the complex 
geological history of the Isthmus of Panama, with 
EP representing the northernmost block of the Choco 
biogeographical region (Duque-Caro 1990). This block 
began with a widespread uplift as a result of the collision 
of the Panama Arc with South America around 20 Mya 
(Montes et al. 2012). The uplift continued and formed 
regional mountain ranges, including Cerro Chucanti 
in the Majé Mountains, that became isolated through 
eustatic fluctuations during the middle and late Miocene 
(as early as 11 Mya), such as the flooding of the Atrato 
and Chucunaque Basins (Duque-Caro 1990; Coates et al. 
2004). This isolation promoted speciation events and an 
increased species diversity in this region from 5—8 Mya 
(Batista et al. 2014a,b, 2016a; Coates et al. 2004). 
Currently, the Majé Mountains are separated by at least 
100 km from the nearest mountain ranges with elevations 
reaching > 1,000 m asl (Cerro Pirre, Cerro Darien). Cerro 
Chucanti is situated at the easternmost portion of the 
Mayjé Mountains and represents a sky island, as it is the 
only site in the region with elevations of more than 1,200 
m, providing the topographic and climatic conditions 
for a largely isolated cloud forest. This restricted habitat 
is home to several endemic species (e.g., Bolitoglossa 
chucantiensis, Bolitoglossa aff. biseriata, Diasporus 
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Fig. 3. Selected amphibian species found during the 2012—2016 su o Chucanti. (A) Dermophis aff. glandulosus, (B) 
second known specimen of Bolitoglossa chucantiensis, recently described and endemic (Batista et al. 2014a); (C) Bolitoglossa aff. 
biseriata, (D) Oedipina aff. complex; (E) Strabomantis bufoniformis, (F) Diasporus majeensis, recently described and endemic 
(Batista et al. 2016a); (G) Pristimantis gaigei, (H) Pristimantis moro. 
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Fig. 4. Selected amphibian species found during the 2012—2016 surveys on Cerro Chucanti that await formal description or 


clarification of relationships. (A) Colostethus aff. pratti, (B) Silverstoneia sp.; (C) Pristimantis aff. latidiscus, (D) Pristimantis aff. 


ridens. 


majeensis, Geophis aff. brachycephalus, and Tantilla 
berguidoi), that have only been found within this area 
of about 3 km? calculated with Google Earth (Batista et 
al. 2014a,b, 2016a). Its high diversity and endemism are 
surprising, generally comparable with other highlands in 
the Neotropics, yet slightly higher than the average for 
either Central America (Batista and Ponce 2002; Chavez 
and Morales 2014; Duellman 1988; Veith et al. 2004; 
http://www.somaspa.org/) or the tepuis in South America 
(Aubrecht et al. 2012). 

In general, amphibians are easier to detect than 
reptiles (Myers 2003; Savage 2002; Yeo and Peterson 
1998), which is consistent with our results (Fig. 6). The 
observed species richness at Cerro Chucanti, at least in 
the cloud forest (see potential species in Appendix 1, Fig. 
6), appears to approach its current maximum, although 
its canopy was not explored. Furthermore, additional 
reptile species are expected to be discovered in the future, 
because reptiles usually yield lower detection probabilities 
(see Fig. 6 for estimating richness). The species richness 
in the PMF was consistently larger than in the higher- 
altitude PWF (Premontane Wet Forest or cloud forest) 
for both amphibians and reptiles, even though a greater 
effort was invested in the PWF. This confirms the general 
rule of diversity patterns in the American tropics (Wilson 
et al. 2010), with decreasing diversity from intermediate 
elevations where diversity 1s highest (Whitfield et al. 
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2016), to higher altitudes where cooler temperatures 
physiologically restrict ectothermic animals. Medina et 
al. (2019) suggested that the reduced number of observed 
species at the highland site on Cerro Chucanti may reflect 
the absence of streams and ponds, and the reduced patch 
size of the cloud forest. However, the altitude range at 
the CPNR was too small to experience large climatic 
differences, and the area available for the cloud forest 
(PWF) is very limited, roughly estimated at only 1.8 
km? above 1,200 m asl (Batista et al. 2016; Medina et al. 
2019). These factors may possibly dampen the effect of 
altitudinal zonation due to overlap between the two forest 
types. However, the J evenness index for PWF versus 
PMEF (see Appendices 2-3) indicates that the zonation is 
sufficiently accentuated so that a few species dominate, 
or have been recorded only, which are particularly well- 
adapted to the cooler environment in the PWF. For 
example, Pristimantis cruentus, P. caryophyllaceus, and 
Diasporus majeensis, accounted for 75% (according to 
recorded advertisement calls) of the total relative species 
abundance in the PWF. Similarly, only one lizard, 
Ptychoglossus sp., dominates the reptilian composition 
with a relative abundance of 42% among all species. 
Amphibian species richness in Cerro Chucanti was 
higher in this study (combined 15 days survey for the 
three years) than in a 10-day survey conducted in 2007 
(95% CI, see Table 2 in Medina et al. 2019). The observed/ 
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Fig. 5. Selected reptile species found during the 2012-2016 surveys on Cerro Chucanti. (A) Echinosaura aff. palmeri; (B) 
Ptychoglossus aff. plicatus, (C) Anolis aff. fuscoauratus, (D) Geophis aff. brachycephalus, (E) Corallus annulatus, highest 
elevation record; (F) Tantilla berguidoi, recently described and endemic (Batista et al. 2016b); (G) Bothrops asper, 1,273 m asl, 
highest elevation record for Panama; (H) Lachesis acrochorda juvenile, 1,011 m asl, highest elevation for this species in Panama. 
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Fig. 6. Species accumulation curves for amphibians (left) and reptiles (right) for transects in the PMF and PWF on Cerro Chucanti. 
obs: observed species on transects; est: estimated species if the sampling effort is doubled. Details on the transects are shown in 


Table 1. 


Premontane Moist Forest 


Diasporus diastema** 
Pristimantis taeniatus* 
Craugastor raniformis** 
Cochranella granulosa* 
Dermophis sp. 

Smilisca phaeota 

Boana rosenbergi 
Diasporus majeensis 
Craugastor opimus 
Rhinella horribilis 
Caecilia isthmica 
Leptodactylus savagei 
Allobates talamancae 
Agalychnis callidryas 
Colostethus aff. pratti 
Pristimantis pardalis 
Pristimantis aff. ridens 
Engystomops pustulosus 
Dendrobates auratus 
Hyalinobatrachium colymbiphyllum 
Craugastor fitzingeri 
Silverstoneia sp. 
Pristimantis gaigei 
FAyalinobatrachium chirripoi 
Pristimantis cruentus 
Rhinella alata 
Strabomantis bufoniformis 
Espadarana prosoblepon 
Smilisca sila* 

Rhaebo haematiticus 


0.000 0.050 0.100 0.150 
Relative abundance 


Fig. 7. Relative abundance of amphibians found during 
surveys from 2012-2016 in the Premontane Moist Forest 
(PMF) on Cerro Chucanti. * Species observed in PWF and 
PMEF on Cerrro Chucanti, but outside a transect; ** Species of 
likely occurrence that have been found in similar habitat and 
elevations in adjacent peaks of Majé Mountains. 


maximum-estimated species richness in 2007 was 
21-obs/26-est (PMF) and 13-obs/17-est (PWF) species, 
which is 6—7 fewer observed species than were reported 
for the same elevation herein (25-obs/29-est, respectively 
20-obs/22-est species). The difference may be attributed 
to the 30% greater survey time in this study, or to the 
erratic (although not recorded) weather fluctuations 
affecting amphibian activity in the respective study 
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Smilisca sila 
Gastrotheca nicefori* 
Pristimantis pardalis 
Pristimantis cerasinus 
Craugastor aff. longirostris* 
Bolitoglossa aff. biseriata 
Bolitoglossa chucantiensis 
Pristimantis gaigei 
Oedipina aff. complex 
Craugastor crassidigitus 
Silverstoneia sp. 
Fyalinobatrachium chirripoi 
Cochranella euknemos 
Rhinella alata 
Rhaebo haematiticus 
Pristimantis moro 
Pristimantis aff. latidiscus 
Colostethus aff. pratti 
Espadarana prosoblepon 
Pristimantis cruentus 
Diasporus majeensis 
Pristimantis caryophyllaceus 


0 0.1 0.2 0.3 
Relative abundance 


Fig. 8. Relative abundance of amphibians found during surveys 
from 2012-2016 in the Premontane Wet Forest (PWF) on Cerro 
Chucanti. * Species observed in PWF and PMF on Cerrro 
Chucanti, but outside a transect. 


periods. No comparative data are available for reptiles 
in the 2007 survey (Medina et al. 2019), however, we 
would expect an increase of nine and seven species for 
the PMF and PWE, respectively. 

As aresult, from the first expedition to Cerro Chucanti 
in 2012, we have described Diasporus majeensis, 
Bolitoglossa chucantiensis, and Tantilla berguidoi. In 
addition, several collected specimens represent potentially 
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Premontane Moist Forest 


Porthidium lansbergii* 
Bothriechis schlegelii* 
Bothrops asper 

Sibon nebulatus** 
Rhadinaea decorata 
Oxyrhopus petolarius 
Pliocercus euryzonus 
Spilotes pullatus* 
Drymobius margaritiferus* 
Dendrophidion percarinatum 
Corallus annulatus 
Holcosus leptophrys* 
Holcosus festivus 
Sphaerodactylus lineolatus* 
Lepidoblepharis sanctaemartae 
Iguana iguana** 

Leposoma southi** 

Anolis apletophallus** 
Anolis biporcatus 

Anolis aff. fuscoauratus 
Anolis frenata 
Corytophanes cristatus** 
Thecadactylus rapicauda 
Anolis vittigerus 
Leptodeira ornata 
Imantodes cenchoa 
Basiliscus basiliscus 


0.000 0.050 0.100 0.150 0.200 
Relative abundance 


0.250 


Fig. 9. Relative abundance of the reptiles found during 
surveys from 2012-2016 in the Premontane Moist Forest 
(PMF) on Cerro Chucanti. * Species observed in PWF and 
PMF on Cerrro Chucanti, but outside a transect; ** Species of 
likely occurrence that have been found in similar habitat and 
elevations in adjacent peaks of Majé Mountains. 


new species of amphibians (Figs. 3-4): Oecedipina 
aff. complex, Colostethus aff. pratti, Silverstoneia 
sp., Pristimantis aff. latidiscus, and Pristimantis aff. 
ridens, and reptiles (Fig. 5): Echinosaura aff. palmeri, 
Ptychoglossus aff. plicatus, Anolis aff. fuscoauratus, and 
Geophis aff. brachycephalus. Currently, an integrative 
taxonomy approach (de Queiroz 2007) is being applied 
to determine the taxonomic status or relationships of 
these specimens. The more recent expeditions in 2016 
have also provided new material, e.g., Dermophis aff. 
glandulosus and Bolitoglossa aff. biseriata, that was 
assessed only morphologically, but for which molecular 
results are not yet available. 

Several aspects call for urgent conservation strategies 
to preserve this high and important diversity hot spot in 
Eastern Panama, including the endemism of species and/ 
or isolated populations reported for the Majé Mountains, 
and in particular for Cerro Chucanti’s CPNR (Batista et 
al. 2014a,b, 2016a,b), the accelerated deforestation rate 
observed for the region in recent years (G. Berguido 
pers. comm.), and the latent threat due to climate 
change (Marchese 2015). The conservation status of the 
newly described species from Cerro Chucanti and those 
awaiting description are unknown, whereas others were 
listed according to IUCN (2016) in Appendix 1. 

This survey spent 147 man/hr in the Premontane 
Wet Forest around the type locality of Bolitoglossa 
chucantiensis, but only two specimens were found. This 
salamander is rare or occurs at low density, and is probably 
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Premontane Wet Forest 


Lachesis acrochorda* 
Bothrops asper 

Sibon lamari ' * 

Pliocercus euryzonus 
Leptodeira ornata 

Tantilla berguidoi 

Oxybelis brevirostris** 
Dendrophidion percarinatum 
Enyalioides heterolepis** 
Ptychoglossus festae 
Echinosaura aff. palmeri 
Corytophanes cristatus** 
Imantodes cenchoa 
Geophis aff. brachycephalus 
Ptychoglossus aff. plicatus 


0 0.1 0.2 0.3 


Relative abundance 


0.4 0.5 


Fig. 10. Relative abundance of the reptiles found during 
surveys from 2012—2016 in the Premontane Wet Forest (PWF) 
on Cerro Chucanti. ' indicates provisional identification; * 
Species observed in PWF and PMF on Cerrro Chucanti, but 
outside a transect; ** Species of likely occurrence that have 
been found in similar habitat and elevations in adjacent peaks 
of Majé Mountains. 
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Fig. 11. Species richness across habitats, as average species per 
transect (#species/transect). 


restricted to the peak area of Cerro Chucanti. The Dink 
Frog (Diasporus majeensis) is common, but as with the 
salamander, it has been reported only from the restricted 
area above 1,300 m asl. Our decade-long study of these 
two genera in most of Eastern Panama, combined with 
intensive surveys elsewhere in the Majé Mountains (e.g., 
around Ambroya), as well as most other cloud forests of 
Eastern Panama, lead us conclude that these two species 
are endemic to Cerro Chucanti (Batista et al. 2014a, 
2016a). Since they are each restricted to a small area of 
less than 5 km? of a high elevation habitat around the peak 
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of Cerro Chucanti, we can argue for their classification 
as Critically Endangered, applying the IUCN Red List 
2012]. Anthropogenic pressure around Cerro Chucanti 
probably will lead to further declines of populations 
through habitat deterioration and reduction of the area of 
occupancy. These species will also be allocated to “high” 
levels of environmental vulnerability score (EVS) by 
Johnson et al. (2015). 

Furthermore, any outbreak of the fungal disease 
caused by Batrachochytrium dendrobatidis (Bd) and/ 
or in combination with climate change is an imminent 
threat to the amphibians of Cerro Chucanti. Although 
Bd has been reported from the lowlands nearby (King et 
al. 2014; Rebollar et al. 2014) and through a cascading 
mechanism has negatively affected the reptilian fauna 
in Panama (Zipkin et al. 2020), thus far, no amphibian 
population decline has been detected on Cerro Chucanti. 
However, the threat is latent, as Bd has already expanded 
across most of Panama (Lips et al. 2008; Rebollar et al. 
2014) and can be expected to affect Cerro Chucanti in 
the foreseeable future. Hence, bio-security protocols 
must be applied for visitors to the CPNR reserve (Dood 
2010) and Bd surveys are urgently required. Since 
slight temperature fluctuations due to climate change 
could affect the biology of amphibian and reptile 
species on Cerro Chucanti, we also recommend that 
thermoecological experiments be conducted within the 
habitat of the endemic mountain species. 

Despite the sampling effort made in this and previous 
studies, acaveat aboutthe true species richness remains due 
to uncertainties regarding species detectability. Despite 
the combined sampling effort conducted throughout the 
two studies (Medina et al. 2019 and herein: April, June, 
July, October, and December), neither study followed a 
systematic and prolonged sampling method, and they only 
included visual encounter and opportunistic surveys 
for a few short duration excursions. For example, this 
sampling could easily have missed amphibian species 
with an explosive and temporally limited reproductive 
mode (e.g., Hyloscirtus colymba or H. palmeri). Many 
fossorial snakes (e.g., Atractus, Micrurus), \izards 
(e.g., Bachia, Diplogossus, Lepidoblepharis), frogs 
(e.g., Strabomantidae group), and caecilians (e.g., 
Dermophis, Oscaecilia) are difficult to detect in the 
leaf litter and require more elaborate techniques, such 
as pitfall trapping, to record and properly evaluate their 
population status. Species living in the canopy which 
rarely come down to the ground (e.g., Cruziohyla 
calcarifer, Ecnomiohyla sp.) are usually missed during 
short inventories unless they are recorded calling like 
the Marsupial Frog, Gastrotheca nicefori (for which 
a short calling sequence from this study is accessible 
at: https://youtu.be/H4QKsMQDWVQ). Therefore, 
to achieve a broader and more comprehensive insight 
into the herpetofauna diversity on Cerro Chucanti, 
additional studies must increase seasonally repetitive 
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surveys, canopy inspections, and pitfall trapping. 

Nonetheless, the studies conducted on Cerro Chucanti 
thus far have increased public awareness through the 
publication of various articles and online promotion to 
increase the value and enlarge the protection of the “Cerro” 
Chucanti Private Nature Reserve and its surroundings. In 
this context, Rainforest Trust has purchased three legally 
titled properties in order to establish an important buffer 
zone that will act as a barrier for preventing squatters 
from moving into the extensive public wilderness areas, 
and will discourage poachers from hunting in the vicinity 
(http://www. rainforesttrust.org/expansion-of-the-cerro- 
chucanti-nature-reserve/). The land to be purchased is 
part of the very limited high-elevation cloud forest where 
many new species have been discovered, in particular 
amphibians and reptiles described by the authors. As 
a gateway to over 60,000 acres of public lands, Cerro 
Chucanti Nature Reserve lays the foundation for the 
designation of a government national park, an effort that 
Panamanian NGO ADOPTA (http://adoptabosque.org/) 
is working hard to achieve. 
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Appendix 1. Amphibians and reptiles recorded from the Chucanti Private Nature Reserve (and adjacent peaks of Majé Mountains) 
and their conservation status. NE indicates Not Evaluated, with other abbreviations for IUCN categories: DD (Data Deficient), 
LC (Least Concern), NT (Near Threatened), VU (Vulnerable), and EN (Endangered). Abbreviations for EVS (environmental 
vulnerability score, sensu Johnson et al. 2015) are L (Low: scores from 3—9), M (Medium: scores from 10—13), H (High: scores 
from 14-19), and N (Not scored). Two species received an additional classification in the Panama Conservation Status system: VU 
for Dendrobates auratus and CR for Sibon lamari. Red List status designations of potentially new species are listed according to 
the species of their morphological affinity, and labeled with a respective ‘aff.’ and epithet. * = Species of likely occurrence that have 
been found in similar habitat and elevations in the adjacent peaks of Majé Mountains. 


Scientific name DE A pe 
status 
Class Amphibia (41 species) 
Order Caudata (3 species) 
Family Plethodontidae 
Bolitoglossa chucantiensis NE H 
Bolitoglossa aff. biseriata NE NE 
Oedipina aff. complex NE NE 
Order Gymnophiona (2 species) 
Family Caeciliidae 
Caecilia isthmica DD H 
Dermophis aff. glandulosus NE NE 
Order Anura (36 species) 
Family Bufonidae (3 species) 
Rhaebo haematiticus LC L 
Rhinella horribilis LC 
Rhinella alata LC Ly 
Family Centrolenidae (5 species) 
Cochranella euknemos LC L 
Cochranella granulosa LC L 
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Appendix 1 (continued). Amphibians and reptiles recorded from the Chucanti Private Nature Reserve (and adjacent peaks of 
Majé Mountains) and their conservation status. NE indicates Not Evaluated, with other abbreviations for IUCN categories: DD 
(Data Deficient), LC (Least Concern), NT (Near Threatened), VU (Vulnerable), and EN (Endangered). Abbreviations for EVS 
(environmental vulnerability score, sensu Johnson et al. 2015) are L (Low: scores from 3—9), M (Medium: scores from 10-13), 
H (High: scores from 14—19), and N (Not scored). Two species received an additional classification in the Panama Conservation 
Status system: VU for Dendrobates auratus and CR for Sibon lamari. Red List status designations of potentially new species are 
listed according to the species of their morphological affinity, and labeled with a respective ‘aff.’ and epithet. * = Species of likely 
occurrence that have been found in similar habitat and elevations in the adjacent peaks of Majé Mountains. 


Scientific name ST Ee 
status 
Espadarana prosoblepon LC 
Fyalinobatrachium chirripoi LC M 
Hyalinobatrachium colymbiphyllum LC L 
Family Craugastoridae (15 species) 
Craugastor crassidigitus LC M 
Craugastor fitzingeri LC L 
Craugastor aff. longirostris LC M 
Craugastor opimus EC M 
Craugastor raniformis* Le L 
Pristimantis caryophyllaceus LC L 
Pristimantis cerasinus Le M 
Pristimantis cruentus LC L 
Pristimantis gaigei LC M 
Pristimantis moro LC L 
Pristimantis pardalis NT H 
Pristimantis taeniatus Le | 
Pristimantis aff. latidiscus NE NE 
Strabomantis bufoniformis LC M 
Pristimantis aff. ridens LC M 
Family Dendrobatidae (4 species) 
Allobates talamancae Le M 
Colostethus aff. pratti LC M 
Dendrobates auratus LC L 
Silverstoneia sp. NE 
Family Eleutherodactylidae (2 species) 
Diasporus diastema* LC L 
Diasporus majeensis NE H 
Family Hylidae (5 species) 
Gastrotheca aff. nicefori NE 
Boana rosenbergi LC L 
Smilisca phaeota LC L 
Smilisca sila LC L, 
Agalychnis callidryas LC L 
Family Leptodactylidae (1 species) 
Leptodactylus savagei LC L 
Family Leiuperidae (1 species) 
Engystomops pustulosus LC L 
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Appendix 1 (continued). Amphibians and reptiles recorded from the Chucanti Private Nature Reserve (and adjacent peaks of 
Majé Mountains) and their conservation status. NE indicates Not Evaluated, with other abbreviations for IUCN categories: DD 
(Data Deficient), LC (Least Concern), NT (Near Threatened), VU (Vulnerable), and EN (Endangered). Abbreviations for EVS 
(environmental vulnerability score, sensu Johnson et al. 2015) are L (Low: scores from 3—9), M (Medium: scores from 10-13), 
H (High: scores from 14-19), and N (Not scored). Two species received an additional classification in the Panama Conservation 
Status system: VU for Dendrobates auratus and CR for Sibon lamari. Red List status designations of potentially new species are 
listed according to the species of their morphological affinity, and labeled with a respective ‘aff.’ and epithet. * = Species of likely 
occurrence that have been found in similar habitat and elevations in the adjacent peaks of Majé Mountains. 


Scientific name DT Ee 
status 
Class Reptilia 
Order Squamata (35 species) 
Family Corytophanidae (2 species) 
Basiliscus basiliscus LC 
Corytophanes cristatus* LC M 
Family Dactyloidae (5 species) 
Anolis frenata NE H 
Anolis apletophallus* LC H 
Anolis biporcatus LC L 
Anolis fuscoauratus NE M 
Anolis vittigerus LC H 
Family Gymnophthalmidae (4 species) 
Echinosaura aff. palmeri DD M 
Leposoma southi* LC H 
Ptychoglossus aff. plicatus NE H 
Ptychoglossus festae LC 
Family Hoplocercidae (1 species) 
Enyalioides heterolepis* LC M 
Family Iguanidae (1 species) 
Iguana iguana* LC M 
Family Mabuyidae (1 species) 
Marisora unimarginata* LC H 
Family Phyllodactylidae (1 species) 
Thecadactylus rapicauda LC L 
Family Sphaerodactylidae (2 species) 
Lepidoblepharis sanctaemartae LC H 
Sphaerodactylus lineolatus LC H 
Family Teiidae (2 species) 
Holcosus festivus LC M 
Holcosus leptophrys LC H 
Family Boidae (1 species) 
Corallus annulatus DD M 
Family Colubridae (4 species) 
Dendrophidion percarinatum LC 
Drymobius margaritiferus LC IL 
Oxybelis brevirostris* LC M 
Spilotes pullatus LC L 
Tantilla berguidoi NE M 
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Appendix 1 (continued). Amphibians and reptiles recorded from the Chucanti Private Nature Reserve (and adjacent peaks of 
Majé Mountains) and their conservation status. NE indicates Not Evaluated, with other abbreviations for IUCN categories: DD 
(Data Deficient), LC (Least Concern), NT (Near Threatened), VU (Vulnerable), and EN (Endangered). Abbreviations for EVS 
(environmental vulnerability score, sensu Johnson et al. 2015) are L (Low: scores from 3—9), M (Medium: scores from 10—13), 
H (High: scores from 14-19), and N (Not scored). Two species received an additional classification in the Panama Conservation 
Status system: VU for Dendrobates auratus and CR for Sibon lamari. Red List status designations of potentially new species are 
listed according to the species of their morphological affinity, and labeled with a respective ‘aff.’ and epithet. * = Species of likely 
occurrence that have been found in similar habitat and elevations in the adjacent peaks of Majé Mountains. 


Scientific name See 
status 

Family Dipsadidae (8 species) 
Imantodes cenchoa LC L 
Leptodeira ornata LC L 
Pliocercus euryzonus LC M 
Oxyrhopus petolarius LC M 
Rhadinaea decorata Le L 
Sibon lamari EN H 
Sibon nebulatus* LC L 
Geophis aff. brachycephalus 

Family Viperidae (4 species) 
Bothrops asper LC M 
Lachesis acrochorda DD H 
Bothriechis schlegelii LC M 
Porthidium lansbergii NE H 


NE=8 NE=5 


LC =31 LC =27 
VU=1 EN = 1 
DD=1 DD =3 
EVS Amphibians EVS_ Reptiles 
L= 20 L=8 
M=3 M=14 
H= 3 H=12 
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Abstract.—Integrative evidence of several external morphological characters and molecular phylogenetic 
analyses of mitochondrial DNA (12S, cyt-b) are used to place a new species of Andean lizard of the genus 
Liolaemus (|Iguania: Liolaemidae) in the Liolaemus montanus group and as sister group of the clade formed 
by L. signifer. The new species is characterized by a unique combination of morphometric characteristics, 
scalation, and color pattern. The L. montanus group now contains seventeen species in southern Peru, 
distributed along the eastern and western slopes of the Andes. 


Keywords. Andes, Apurimac, Eu/aemus, Puna, reptile, systematics, taxonomy 


Resumen.—utilizamos evidencia integradora de varios caracteres morfoldgicos externos y analisis filogenéticos 
moleculares de ADN mitocondrial (12S, cyt-b) que ubican una nueva especie del género Liolaemus (Iguania: 
Liolaemidae) en el grupo de Liolaemus montanus y como grupo hermano del clado formado por L. signifer. La 
nueva especie se caracteriza por una combinacion unica de patron morfometrico, escamacion y color. El grupo 
montanus del género Liolaemus en Peru contiene diecisiete especies, distribuidas a lo largo de la vertiente 
oriental y occidental de los Andes en el sur del pais. 


Palabras clave. Andes, Apurimac, Eu/aemus, Puna, reptiles, sistematica, taxonomia 


Citation: Chaparro JC, Quiroz AJ, Mamani L, Gutiérrez RC, Condori P, De la Riva |, Herrera-Juarez G, Cerdefa J, Arapa LP, Abdala CS. 2020. An 
endemic new species of Andean lizard of the genus Liolaemus from southern Peru (Iguania: Liolaemidae) and its phylogenetic position. Amphibian & 
Reptile Conservation 14(2) [General Section]: 47-63 (e238). 


Copyright: © 2020 Chaparro et al. This is an open access article distributed under the terms of the Creative Commons Attribution License [Attribu- 
tion 4.0 International (CC BY 4.0): https://creativecommons.org/licenses/by/4.0/], which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited. The official and authorized publication credit sources, which will be duly enforced, are 
as follows: official journal title Amphibian & Reptile Conservation; official journal website: amphibian-reptile-conservation.org. 


Received: 9 April 2020; Accepted: 4 May 2020; Published: 21 May 2020 


Introduction 


Recent taxonomic and systematic studies of lizards of 
the genus Liolaemus in the traditional biogeographic 
regions of Peru, such as the coast and the Andes, have 
increased the diversity of Peruvian Liolaemus to 24 
currently recognized species (Gutiérrez et al. 2018; 
Uetz et al. 2020). The genus Liolaemus was divided by 
Laurent (1983) in two main subgroups, Liolaemus sensu 
stricto (L. chiliensis group) and Eulaemus (Argentine 


group). The L. alticolor-bibroni group is placed within 
the chiliensis group (Aguilar et al. 2013; Barbour 1909; 
Gutiérrez et al. 2018; Lobo et al. 2007; Quinteros 2013; 
Shreve 1938, 1941), which includes seven Peruvian 
species (L. alticolor, L. chavin, L. incaicus, L. pachacutec, 
L. tacnae, L. walkeri, and L. wari). On the other hand, the 
Argentine group includes the most diverse L. montanus 
group (Abdala et al. 2019a), which has sixteen Peruvian 
species (L. annectens, L. balagueri, L. chiribaya, L. 
etheridgei, L. evaristoi, L. insolitus, L. melanogaster, 
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L. nazca, L. ortizi, L. poconchilensis, L. polystictus, L. 
robustus, L. signifer, L. thomasi, L. victormoralesii, and 
L. williamsi), and the less diverse L. boulengeri group, 
represented only by one species in Peru (L. ornatus: 
Carrillo and Icochea 1995). All Peruvian Liolaemus 
species are distributed along the southern coast and the 
Andes (Abdala and Quinteros 2014; Abdala et al. 2019a; 
Aguilar et al. 2016; Gutiérrez et al. 2018). However, 
although studies on the Liolaemus of Peru have increased 
considerably in recent years, important knowledge gaps 
remain, and the diversity of the genus 1s underestimated 
(Abdala et al. 2019a; Aguilar-Puntriano et al. 2019). 

In 2000, a series of expeditions began along the 
highlands of southern Peru, and several localities were 
surveyed in the departments of Apurimac, Arequipa, 
Ayacucho, Cusco, and Puno. Preliminary analyses reveal 
a much richer fauna of reptiles than previously known, 
including several new species that are in the process 
of description. During expeditions in the Puna areas of 
the Apurimac department, populations were found of a 
distinctive species of Liolaemus that belongs to the L. 
montanus group. These populations are characterized by 
the presence of a blade-like process of the tibia associated 
with hypertrophy of the muscle tibialis anterior and by 
having keeled dorsal scales. The new species is described 
here, and it is endemic to the southeast of the department 
Apurimac, in southern Peru. 


Materials and Methods 


Fieldwork procedures. Field work was conducted in 
2011, 2012, 2016, and 2019 in the Dry Puna (3,740- 
4,615 m asl) of the central cordillera of the Andes in 
southern Peru, at the localities of Chila, Ccomerococha, 
Chequello, Choaquere, Ccosana, Huanacopampa, 
Huanquere, Kuchuacho, Nahuinlla, Progreso, 
Pumamarca, and Punchayoc Ccasa, all in Apurimac 
department. Individuals of Liolaemus qalaywa sp. nov. 
were collected by hand and euthanized with a lethal dose 
of Halatal 1%. Tissue samples (muscle or liver) were 
taken and stored in microtubes (2 ml) containing 48% 
ethanol, and specimens were fixed over 24 h in 10% 
formalin and preserved in 80% ethanol. The examined 
material is listed in the Appendix. 


Images and maps. Photographs of live specimens were 
taken using a digital camera (Canon EOS 70D). Close- 
up photographs of the holotype (preserved) were taken 
with a Stereo Microscope Optics Nikon SMZ25. The 
distribution map was elaborated in ArcMap 10.3, using 


coordinates previously used by Aguilar et al. (2016) 
and Gutiérrez et al. (2018). Type localities were taken 
from the original manuscripts of species descriptions. 
Coordinates of our records were taken with a GPS device 
(datum WGS84), Garmin Etrex 30. 


Morphology. Qualitative and quantitative morphological 
characters of Liolaemus follow Abdala et al. (2019a,b). 
All bilateral characters were measured on the right side. 
Color in life was described based on field observations 
and photographs of captured specimens. Squamation 
was examined under a binocular microscope, and body 
measurements were taken with a precision caliper 
(+0.01 mm). The terminology of scale descriptions 
follows Abdala (2007), Abdala et al. (2019b), Etheridge 
(1993, 1995, 2000), and Laurent (1985). Color 
pattern terminology follows Abdala (2007), Abdala 
et al. (2019a), and Lobo and Espinoza (1999). Some 
specimens were dissected to determine sex and maturity; 
sex was determined using morphological characters 
such as snout-vent length, color and size of anal pores, 
and body color patterns. Museum acronyms are: Museo 
de Biodiversidad del Pert (MUBI); Museo de Historia 
Natural, Universidad Nacional de San Agustin, Arequipa, 
Peru (MUSA); and Fundacion Miguel Lillo (FML). 


DNA extraction, amplification, and sequencing. 
Corresponding voucher specimens are listed in Table 
1. Total DNA was extracted from tissue samples at the 
Laboratory of Molecular Systematics of the Museo 
Nacional de Ciencias Naturales-CSIC (Madrid, Spain) 
using the Qiagen DNeasy extraction kit and protocol 
(Qiagen Inc., Hilden, Germany). Fragments of the 
mitochondrial small subunit rRNA gene (12S) and the 
mitochondrial cyt-b genes were amplified by polymerase 
chain reaction (PCR). Purified PCR products were sent to 
Macrogen Inc. (Seoul, Republic of Korea) for sequencing 
in both directions with the amplification primers. The 
primers 12SA4 L/12SB-H for 12S (Hillis et al. 1996) 
and Glu/CB3/F1/C2 were used for cyt-b (Morando et 
al. 2004). Raw sequence chromatographs for sequences 
generated in this study were edited using Sequencher 
4.9 (Gene Codes Corporation 2009). Two new gene 
sequences of these loci were produced, with GenBank 
accession numbers for 12S of MT371370, and for cyt-b 
of MT366060—MT366062. Voucher information for new 
sequences is provided in Table 1. 


Phylogenetic analyses. The sequences obtained in this 
study (Table 1) were compared with the homologous 


Table 1. GenBank codes and voucher information of Liolaemus sequenced for this study. Localities and geographical coordinates 


are listed in the type material sections. 


Species names Voucher code 


Liolaemus qalaywa sp. nov. MUBI 12081 
Liolaemus qalaywa sp. nov. MUBI 12099 
Liolaemus thomasi MUBI 5925 
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GenBank cyt-b GenBank 12S 
MT366061 MT371370 
MT366062 
MT366060 
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sequences held in GenBank (Table 2) for the species of 
the L. montanus group that are registered for Peru and 
used in the latest studies by Aguilar et al. (2016) and 
Villegas-Paredes et al. (2020). This analysis used two 
samples of the new species (each one with 12S and cyt-b) 
and one sample from L. ornatus from the L. boulengeri 
group as “outgroup” (MUSM 31438), according to 
Aguilar et al. (2016, 2018) and Villegas-Paredes et al. 
(2020). The nucleotide sequences (79 cyt-b, 68 12S) 


were aligned using the MUSCLE algorithm (Edgar 2004) 
in MEGA version X (Kumar et al. 2018). Mitochondrial 
fragments (12S and cyt-b; 1303 nt, 79 individuals) 
were concatenated using the MESQUITE version 3.2 
program (Maddison and Maddison 2017), and were run 
in Mr. Bayes v.3.2.2 (Ronquist and Huelsenbeck 2003). 
Bayesian Analyses were performed with the nucleotide 
evolution model GTR+ G+ I, for ten million generations 
each; an average standard deviation of the frequencies 


Table 2. GenBank codes for sequences of Liolaemus lizards and the outgroup used in this study. 


Species names 
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Voucher code 


L. ornatus (outgroup) MUSM 31438 
L. annectens BYU 50489 
L. annectens BYU 50486 
L. annectens BYU 50491 
L. annectens “Lampa” MUSM 31433 
L. balagueri MUSA 5575 
L. balagueri MUSA 5576 
L. etheridgei BYU 50494 
L. etheridgei BYU 50495 
L. etheridgei BYU 50497 
L. etheridgei MUSM 31493 
L. etheridgei BYU 50493 
L. etheridgei BYU 50499 
L. etheridgei MUSM 31494 
L. insolitus MUSM 31490 
L. insolitus BYU 50462 
L. nazca (L. “Nazca’) BYU 50472 
L. nazca (L. “Nazca’) BYU 50507 
L. nazca (L. “Nazca’) BYU 50508 
L. nazca (L. “Nazca’) MUSM 31523 
L. nazca (L. “Nazca’) MUSM 31524 
L. ortizi MUSM 31513 
L. ortizi MUSM 31514 
L. poconchilensis MUSM 31545 
L. poconchilensis MUSM 31543 
L. poconchilensis MUSM 31544 
L. polystictus MUSM 31451 
L. polystictus MUSM 31446 
L. robustus MUSM 31504 
L. robustus MUSM 31508 
L. robustus MUSM 31505 
L. robustus BYU 50483 
L. thomasi BYU 50469 
L. thomasi BYU 50466 


cyt-b 128 Source 
KX826632 KX826732 Aguilar et al. 2016 
KX826616 KX826717 Aguilar et al. 2016 
KX826615 Aguilar et al. 2016 
KX826617 KX826718 Aguilar et al. 2016 
KX826618 KX826719 Aguilar et al. 2016 
MK568539 Villegas-Paredes et al. 2020 
MK568538 Villegas-Paredes et al. 2020 
KX826620 KX826721 Aguilar et al. 2016 
KX826621 KX826722 Aguilar et al. 2016 
KX826622 Aguilar et al. 2016 
KX826624 KX826724 Aguilar et al. 2016 
KX826619 KX826720 Aguilar et al. 2016 
KX826623 KX826723 Aguilar et al. 2016 
KX826625 KX826725 Aguilar et al. 2016 
KX826627 KX826727 Aguilar et al. 2016 
KX826626 KX826726 Aguilar et al. 2016 
KX826673 KX826768 Aguilar et al. 2016 
KX826674 KX826769 Aguilar et al. 2016 
KX826675 KX826770 Aguilar et al. 2016 
KX826676 KX826771 Aguilar et al. 2016 
KX826677 KX826772 Aguilar et al. 2016 
KX826633 KX826733 Aguilar et al. 2016 
KX826634 KX826734 Aguilar et al. 2016 
KX826637 KX826736 Aguilar et al. 2016 
KX826635 Aguilar et al. 2016 
KX826636 KX826735 Aguilar et al. 2016 
KX826642 KX826740 Aguilar et al. 2016 
KX826641 KX826739 Aguilar et al. 2016 
KX826646 KX826743 Aguilar et al. 2016 
KX826648 KX826744 Aguilar et al. 2016 
KX826647 Aguilar et al. 2016 
KX826643 Aguilar et al. 2016 
KX826680 KX826775 Aguilar et al. 2016 
KX826678 KX826773 Aguilar et al. 2016 
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Table 2 (continued). GenBank codes for sequences of Liolaemus lizards and the outgroup used in this study. 


Species names 

. thomasi 

. thomasi 

. signifer 

. signifer 

. signifer 

. signifer 

. signifer 

. signifer 

. signifer 

. signifer 

. signifer 
melanogaster 
melanogaster 
. melanogaster 


melanogaster 


. williamsi 
. williamsi 
. williamsi 
. williamsi 
. williamsi 
. williamsi 
. williamsi 
““AbraA pacheta” 
. “AbraA pacheta” 
““AbraA pacheta” 


Be S  S S? B ISP a? ERPS GS oS cS, CRS BS ithe hae cee DUIS. ES GY Besse GSS FR tee iS cBetauibe: CS che IN CRS IS ES IS SoS 


. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 
. victormoralesii (L. 


. victormoralesii (L. 


“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 
“AbraToccto’) 


. polystictus “Castrovirreyna” 
. polystictus “Castrovirreyna” 
. polystictus “Castrovirreyna” 
. robustus “MinaMartha” 
. robustus “MinaMartha” 
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Voucher code 
MUSM 31516 
BYU 50467 
MUSM 31443 
MUSM 31434 
BYU 50444 
BYU 50357 
BYU 50350 
MUSM 31437 
BYU 50355 
MUSM 31447 
MUSM 29110 
BYU 50151 
MUSM 31472 
MUSM 31475 
BYU 50154 
MUSM 31371 
MUSM 31374 
MUSM 31373 
BYU 50426 
MUSM 31461 
BYU 50430 
MUSM 31462 
BYU 50431 
BYU 50428 
MUSM 31464 
MUSM 31465 
MUSM 31468 
BYU 50463 
MUSM 31485 
BYU 50143 
BYU 50464 
BYU 50144 
MUSM 31486 
BYU 50465 
MUSM 31481 
BYU 50145 
BYU 50148 
MUSM 31454 
BYU 50630 
BYU 31455 
BYU 50438 
MUSM 31439 


cyt-b 
KX826681 
KX826679 
KX826656 
KX826654 
KX826652 
KX826651 
KX826649 
KX826655 
KX826650 
KX826657 
KX826653 
KX826628 
KX826630 
KX826631 
KX826629 
KX826665 
KX826667 
KX826666 
KX826661 
KX826668 
KX826663 
KX826669 
KX826664 
KX826662 
KX826670 
KX826671 
KX826672 
KX826684 
KX826687 
KX826682 
KX826685 
KX826683 
KX826688 
KX826686 
KX826660 
KX826658 
KX826659 
KX826639 
KX826638 
KX826640 
KX826644 
KX826645 
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KX826776 
KX826774 
KX826752 
KX826750 
KX826748 
KX826747 
KX826745 
KX826751 
KX826746 
KX826753 
KX826749 
KX826728 
KX826730 
KX826731 
KX826729 
KX826757 
KX826762 
KX826758 


KX826763 
KX826760 
KX826764 
KX826761 
KX826759 
KX826765 
KX826766 
KX826767 
KX826778 
KX826587 


KX826779 
KX826777 
KX826781 
KX826780 
KX826756 
KX826754 
KX826755 
KX826738 
KX826737 
KX826570 
KX826741 
KX826742 
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Source 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 
Aguilar et al. 


2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
2016 
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go Liolaemus_poconchilensis_MUSM_31544 


Liolaemus_poconchilensis_MUSM_31543 
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Liolaemus_ornatus_MUSM_31438 


Liolaemus_nazca_BYU_50472 


Liolaemus_nazca_MUSM_31524 
iooLiolaemus_nazca_BYU_50507 
Liolaemus_nazca_BYU_50508 


100 


100 


100 


100 100 


Liolaemus_nazca_MUSM_31523 


Liolaemus_balagueri_MUSA5575 
— Liolaemus_balagueri_MUSA5576 


100 


Liolaemus_robustus_MUSM_31504 
Liolaemus_robustus_MUSM_31508 
, Liolaemus_robustus_MUSM_31505 
* Liolaemus robustus_BYU_50483 


yo) Liolaemus_robustus_MinaMartha_BYU_50438 


Liolaemus_robustus_MinaMartha_MUSM_ 31439 


Liolaemus_polystictus_ MUSM_31451 


Liolaemus_polystictus_MUSM_31446 
AbraApacheta_MUSM_31481 
AbraApacheta_BYU_50145 


100 


100 


99 


65 


100 


0G 


AbraApacheta_BYU_50148 


Liolaemus_polystictus_Castrovirreyna_MUSM_31454 
Liolaemus_polystictus_Castrovirreyna_BYU_31455 


Liolaemus_polystictus_Castrovirreyna_BYU_ 50630 


Liolaemus_victormoralesii_MUSM_31371 
Liolaemus. victormoralesii_MUSM_31374 
Liolaemus_victormoralesii_MUSM_31373 


Liolaemus_victormoralesii_ MUSM_31461 


400L jolaemus_victormoralesii_BYU_50430 
Liolaemus_victormoralesii_ BYU_50428 
Liolaemus_victormoralesii_MUSM_31464 
Fa Liolaemus_victormoralesii_BYU_50431 
Liolaemus_victormoralesii_MUSM_31468 


Liolaemus_victormoralesii_MUSM_31465 


Liolaemus_victormoralesii_MUSM_31462 
Liolaemus_victormoralesii_BYU_50426 
Liolaemus_melanogaster_BYU_50151 

a Liolaemus_melanogaster_MUSM_31472 
Liolaemus_melanogaster_MUSM_31475 
Liolaemus_melanogaster_BYU_50154 

97 Liolaemus_williamsi_BYU_50463 
Liolaemus_williamsi_BYU_50464 


Liolaemus_williamsi_BYU_50144 


5, Liolaemus_williamsi_MUSM_31486 
Liolaemus_williamsi_BYU_50143 
Liolaemus_williamsi_BYU_50465 


Liolaemus_williamsi_MUSM_31485 
, Liolaemus_ annectens_BYU_50489 
Liolaemus_annectens_BYU_50491 
Liolaemus_annectens_BYU_50486 
Liolaemus_etheridgei_BYU_50494 
%3Liolaemus_etheridgei_BYU_50493 
Liolaemus_etheridgei_BYU_50497 
;, Liolaemus_etheridgei_MUSM_31493 
Liolaemus_etheridgei_MUSM_31494 
Liolaemus_etheridgei_BYU_50499 
Liolaemus_etheridgei BYU 50495 
Liolaemus_annectens_Lampa_MUSM_31433 
, Liolaemus. _ signifer_MUSM_31443 
“Liolaemus  signifer_BYU_50444 
Liclaemus_signifer_ MUSM_31434 
Liolaemus_signifer_BYU_50357 
Liolaemus_signifer_BYU_50350 


Liolaemus_signifer_BYU_50355 


Liolaemus_signifer_MUSM_31447 
Liolaemus_signifer_MUSM_31437 
“9 Liclaemus_qalaiwa_MUBI_12081 
Liolaemus_qalaiwa_MUBI_12099 
Liolaemus_signifer_MUSM_29110 


5) Liolaemus_ortizi_MUSM_31513 
Liolaemus_ortizi_ MUSM_31514 
Liolaemus_thomasi_BYU_50469 


100 


Liolaemus_thomasi_BYU_50466 


sg Liolaemus_thomasi_BYU_50467 

sa Liolaemus_thomasi_MUSM_31516 
Liolaemus_thomasi_MUBI_5925 

Liolaemus_poconchilensis_MUSM_31545 


 Liolaemus_insolitus_MUSM_31490 


Liolaemus_insolitus_BYU_50462 


0.03 


Fig. 1. Phylogenetic tree obtained using Bayesian Methods (BM). 


divided below 0.05 was obtained, trees were sampled 
every 1,000 generations from the Markov Chain Monte 
Carlo (MCMC) output and using four simultaneous 
chains (one cold and three hot) in each run. The 
convergences of the chains to the stationary distribution 
were confirmed using Tracer v1.7.1 (Rambaut et al. 2018) 
and the first 25% of generations that were not within the 
stationary distribution of the registration probabilities 
were conservatively discarded. The trees and subsequent 
probabilities were summarized using the “50% majority” 
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consensus method (Huelsenbeck and Ronquist 2001; 
Wilcox et al. 2002). The resulting consensus tree was 
edited using FigTree v1.4.3 (Rambaut 2014). 


Results and Discussion 


Phylogenetic analyses. Our Bayesian phylogenetic 
analysis (Fig. 1) shows that the terminals MUBI 12081 
and MUBI 12099 form a monophyletic subclade, sister 
of a terminal identified as L. signifer sensu lato (MUSM 
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29110) from Desaguadero, in Puno department, near 
the Bolivian border. The clade that contains these three 
terminals is deeply separated from its sister clade, which 
contains L. signifer, L. annectens, and L. etheridgei. 
Therefore, we consider that the new populations of 
Liolaemus studied herein represent a species different 
from those previously described for the Z. montanus 
group. Likewise, in addition to L. signifer, L. annectens 
appears also to be paraphyletic, as the sample MUSM 
31433 from Lampa (Puno department) identified as such 
is sister to a clade containing both L. annectens and L. 
etheridgei, a result already found by Aguilar et al. (2016). 

Thus, the two divergent lineages represented by 
MUSM 29110 and MUSM 31433 might be two potential 
new species of the LZ. montanus group from the Andean 
highlands of southern Peru. 


Taxonomy 


Liolaemus qalaywa sp. nov. 
(Figs. 2-3) 


urn: lsid:zoobank.org:act:047FCD4E-8717-4378-B130-0B1BB633D187 


Holotype. MUBI 13286, an adult male (Figs. 2-3) 
from Choaquere, District of Challhuahuacho, Province 
of Cotabambas, Department of Apurimac, Peru, 
(14°7°20.32”S, 72°13’29.27°W) at 3,740 m above sea 
level (m asl), collected on 15 December 2011, by L. 
Mamani and J.C. Chaparro. 


Paratypes. Four adult males: MUBI 13265, from 
Nahuinlla, District of Chorrillos, Province of Cotabambas, 
Department of Apurimac, Peru (13°57’20.64’S, 
72°23’59.12”W) at 4,010 m asl, collected on 25 April 
2016 by FP. Condori; MUBI 12981, from Progreso, 
District of Progreso, Province of Grau, Department 
of Apurimac, Peru (14°5’16.07”S, 72°27°32.23”W) 
at 4,180 m asl, collected on 25 April 2016 by A.J. 
Quiroz; MUBI 17621, from Punchayoc Ccasa, District 
of Cotabambas, Province of Cotabambas, Department 
of Apurimac, Peru (13°47’23.55”S, 72°18’15.19”"W) at 
4,290 masl, collected on 15 October 2019 by L. Mamani; 
MUBI 17622, from Ccosana, District of Haquira, 
Province of Cotabambas, Department of Apurimac, 
Peru (14°217°58.53”S, 72°20°40.10”W) at 4,615 m asl, 
collected on 16 October 2019, by L. Mamani. One 
subadult male: MUSA 5600, from Pumamarca, District 
of Challhuahuacho, Province of Cotabambas, Department 
of Apurimac, Peru (14°2’56.27”S, 72°19°46.10”W) at 
4.615 m asl, collected on 10 December 2011 by A.J. 
Quiroz. Nine adult females: MUSA 5601 (MUBI 12080), 
MUBI 12081, and MUBI 12084, from Chila, District of 
Challhuahuacho, Province of Cotabambas, Department 
of Apurimac, Peru (14°7’5.65”S, 72°13’48.97°W) 
at 3,750 m asl, collected on 24 May 2012 by J.C. 
Chaparro; MUBI 12100, from Choaquere, District of 
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Challhuahuacho, Province of Cotabambas, Department 
of Apurimac, Peru (14°7°20.32”S, 72°13’29.27’W) 
at 3,740 m asl, collected between 30 May and 6 June 
2012 by J.C. Chaparro; MUBI 13260 (Fig. 3B,D,F,H) 
and MUBI 13264, from Nahuinlla, District of Chorrillos, 
Province of Cotabambas, Department of Apurimac, 
Peru (13°57°20.64”S, 72°23’59.12”W) at 4,010 m asl, 
collected on 25 April 2016 by F.P. Condori; MUBI 
13287 from Pumamarca, District of Challhuahuacho, 
Province of Cotabambas, Department of Apurimac, Peru 
(14°2’56.27°S, 72°19’46.10”W) at 4,615 m asl, collected 
on 10 December 2011 by L. Mamani; MUBI 15900 and 
MUBI 15903, from Ccomerococha, District of Coyurqui, 
Province of Cotabambas, Department of Apurimac, 
Peru (13°50°44.99"S, 72°21°24.14"W) at 4310 m 
asl, collected on 13 July 2016 by A. Quiroz. Thirteen 
immatures: MUBI 12982-83, from Progreso, District 
of Progreso, Province of Grau, Department of Apurimac, 
Peru (14°5’16.07”S, 72°27°32.23”W) at 4,180 m asl, 
collected on 25 April 2016 by A.J. Quiroz; MUBI 12096— 
99 and MUBI 12101—04, from Choaquere, District of 
Challhuahuacho, Province of Cotabambas, Department 
of Apurimac, Peru (14°7’20.32”S, 72°13’29.27°W) at 
3,740 m asl, collected on 30 May 2012 by J.C. Chaparro; 
MUBI 15901-02, from Ccomerococha, District of 
Coyurqui, Province of Cotabambas, Department of 
Apurimac, Peru (13°50°44.99”S, 72°21°24.14"W) at 
4,310 m asl, collected on 13 July 2016 by A.J. Quiroz; 
MUBI 17623, from Ccosana, District of Haquira, 
Province of Cotabambas, Department of Apurimac, 
Peru (14°217°58.53”S, 72°20°40.10”W) at 4,615 m asl, 
collected on 16 October 2019 by L. Mamani. 


Diagnosis. We assign L. galaywa sp. nov. to the L. 
montanus group because it presents a blade-like process 
on the tibia, associated with the hypertrophy of the tibial 
muscle tibialis anterior (Abdala et al. 2019b; Etheridge 
1995) and based on molecular phylogeny (Fig. 1). The 
species of the ZL. montanus group differ from those of 
the L. boulengeri group by the complete absence of 
patches of enlarged scales in the posterior part of the 
thigh (Abdala 2007). Compared to the species of the L. 
montanus group, L. galaywa sp. nov. is a robust lizard 
differing by its larger size (max SVL = 96.06 mm) from 
L. andinus, L. audituvelatus, L. balagueri, L. cazianiae, 
L. chiribaya, L. duellmani, L. eleodori, L. erguetae, 
L. erroneus, L. etheridgei, L. evaristoi, L. fabiani, L. 
famatinae, L. fittkaui, L. foxi, L. gracielae, L. griseus, 
L. hajeki, L. halonastes, L. huacahuasicus, L. insolitus, 
L. islugensis, L. molinai, L. montanus, L. multicolor, 
L. nazca, L. omorfi, L. orko, L. ortizi, L. pantherinus, 
L. poconchilensis, L. poecilochromus, L. porosus, L. 
pulcherrimus, L. reichei, L. robertoi, L. rosenmanni, L. 
ruibali, L. schmidti, L. stolzmanni, L. tajzara, L. thomasi, 
L. torresi, L. vallecurensis, and L. williamsi (all with 
SVL 50-80 mm). The presence of imbricate dorsal 
scales with keels differentiates L. galaywa sp. nov. 
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Fig. 2. Details of the holotype of Liolaemus qalaywa sp. nov. MUBI 13286 (SVL = 85.54 m 
ventral views of body, (C) lateral, (D) dorsal, and (E) ventral views of head, (F) ventral view of precloacal pores, (G) ventral aspect 
of right hand, (H) ventral aspect of right foot, (I) keeled dorsal body scales, (J) ventral body scales. Scale = 5 mm. 
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Fig. 3. (A, C, E, G) Adult male of Liolaemus qalaywa sp. nov. (unvouchered specimen; SVL = 91.9 mm, Tail = 121.1 mm); (B, D, 
F, H) Adult female of Liolaemus qalaywa sp. nov. (MUBI 13260 paratype; SVL = 85.53 mm, Tail = 110.78 mm). Both individuals 
are from Nahuinlla, Department of Apurimac, 4,010 m asl. 
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from species with smooth juxtaposed or sub-imbricate 
scales such as L. andinus, L. audituvelatus, L. balagueri, 
L. cazianiae, L. chiribaya, L. eleodori, L. erguetae, L. 
fabiani, L. foxi, L. gracielae, L. halonastes, L. insolitus, L. 
islugensis, L. jamesi, L. molinai, L. nigriceps, L. omorfi, 
L. patriciaiturrae, L. pleopholis, L. poconchilensis, 
L. poecilochromus, L. porosus, L. reichei, L. robertoi, 
L. robustus, L. rosenmanni, L. ruibali, L. schmidti, L. 
scrocchii, L. torresi, L. vallecurensis, L. victormoralesii, 
and L. vulcanus. 

The new species differs from L. chiribaya, L. evaristoi, 
L. etheridgei, L. islugensis, L. insolitus, L. multicolor, L. 
omorfi, L. poconchilensis, L. pulcherrimus, L. robertoi, 
L. ruibali, and L. schmidti, by the absence of sky blue or 
celeste scales on the sides and dorsum of the body and 
tail. The number of scales around midbody in L. galaywa 
Sp. nov. varies between 52 and 58 (mean = 54.6), which 
differentiates it from several species of the group with 
more than 65 scales, such as L. andinus, L. annectens, L. 
audituvelatus, L. cazianiae, L. duellmani, L. eleodori, L. 
erguetae, L. forsteri, L. foxi, L. gracielae, L. halonastes, 
L. inti, L. molinai, L. multicolor, L. nigriceps, L. 
patriciaiturrae, L. pleopholis, L. poecilochromus, L. 
porosus, L. pulcherrimus, L. robertoi, L. rosenmanni, 
L. ruibali, L. schmidti, L. signifer, and L. vallecurensis. 
The number of ventral scales between the mental 
scale and the border of the vent in L. galaywa sp. nov. 
varies between 71 and 83 (mean = 75.7), and is lower 
than the number in the following species (with more 
than 90 ventral scales): L. andinus, L. cazianiae, L. 
erguetae, L. foxi, L. gracielae, L. halonastes, L. inti, L. 
multicolor, L. nigriceps, L. pachecoi, L. patriciaiturrae, 
L. pleopholis, L. poecilochromus, L. porosus, L. robertoi, 
L. rosenmanni, L. torresi, and L. vallecurensis, and 
higher than the number in the following species (with 
less than 70 ventral scales): L. dorbignyi, L. fittkaui, L. 
melanogaster, L. polystictus, and L. thomasi. Females of 
L. qalaywa sp. nov. exhibit precloacal pores in contrast to 
females of L. andinus, L. audituvelatus, L. aymararum, L. 
balagueri, L. duellmani, L. fabiani, L. fittkaui, L. griseus, 
L. hajeki, L. islugensis, L. jamesi, L. melanogaster, L. 
polystictus, L. puritamensis, L. reichei, L. robertoi, L. 
rosenmanni, L. ruibali, L. signifer, and L. vallecurensis 
(all lack precloacal pores). Additional measurements 
of morphometric characteristics in adult specimens are 
shown in Table 3. 

The coloration patterns of males and females 
(especially the deep yellow and orange color around the 
eye), of the palpebral scales, and on the posterior inner 
edge of the auditory meatus in females are character 
states that have not been reported in Liolaemus. This 
exclusive coloration pattern in both sexes was seen in 
different individuals throughout the year. Therefore, they 
differ from all known species in the L. montanus group. 


Description of the holotype. Adult male (MUBI 13286). 
SVL 85.54 mm. Head 1.08 times longer (20.24 mm) than 
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wide (18.71 mm). Head height 15.9 mm. Neck width 20.5 
mm. Eye diameter 4.67 mm. Interorbital distance 9.99 
mm. Orbit-auditory meatus distance 8.71 mm. Auditory 
meatus 4.51 mm high, 1.53 mm wide. Orbit-commissure 
of mouth distance 7.35 mm. Internasal width 1.59 mm. 
Subocular scale length 5.3 mm. Trunk length 37.68 mm, 
width 28.7 mm. Tail length 110 mm. Femur length 16.03 
mm, tibia 16.47 mm, and foot 22.8 mm. Humerus length 
12.04 mm. Forearm length 10.91 mm. Hand length 
14.11 mm. Pygal region length 7.67 mm, and cloacal 
region width 6.37 mm. Dorsal surface of head rough, 
with 13 scales, rostral 2.62 times longer (3.25 mm) than 
wide (1.24 mm). Mental larger (4.06 mm) than rostral, 
trapezoidal, surrounded by four scales. Nasal separated 
from rostral by two scales. Two internasals, longer than 
wide. Nasal surrounded by seven scales, separated from 
canthal by two scales. Six scales between frontal and 
rostral. Frontals divided into four scales. Interparietal 
larger than parietal, in contact with six scales. Preocular 
separated from lorilabials by one scale. Five superciliaries 
and 15 upper ciliaries scales. Three differential scales 
at anterior margin of auditory meatus. Six temporal 
scales. Five lorilabials in contact with subocular. Ten 
supralabials, which are not in contact with subocular. 
Seven supraoculars. Seven lorilabials. Six infralabials. 
Five chin shields, 4" pair separated by six scales. Fifty- 
six scales around half of body. Fifty-four triangular 
dorsal body scales, imbricated, with an evident keel; fore 
and hind limbs and tail with lamellar scales, imbricated 
and keeled. Seventy-one ventral scales, from the mental 
to the cloacal region, following the ventral midline of 
the body, laminar, imbricated. Thirty imbricated gulars, 
not keeled. Neck with longitudinal fold with 43 granular, 
not keeled scales, ear fold and antehumeral fold present. 
Gular fold absent. Eighteen subdigital lamellae on the 4" 
finger of the hand. Fourth toe with 23 subdigital lamellae 
with three keels, plantar scales with keels. Lamellar 
ventral tail, scales imbricated with a slight keel. Seven 
precloacal pores. Supernumerary pores present. 


Coloration 


Holotype coloration in preservative. Upper temporal 
area dark brown. Lower temporal region, supralabial, 
infralabial, lorilabial, and loreal scales white with dark 
edges. A transverse dark stain crossing the eye and the 
palpebral scales, the rest of 1t white. Lateral color of the 
neck white, back of the neck dark brown. Scales of body, 
limbs, and tail black with a white distal end. Irregular lines 
transverse to the body, white, with black edges, extending 
from one side of the body to the other. White spots on the 
back and sides of limbs, hands, tail, and scapular region. 
No vertebral line, dorsolateral bands, and ante-humeral 
arch. Sides of the body lighter below the lateral midline. 
Venter uniform, with white scales and black edges. 


Color variation in life. Liolaemus galaywa sp. nov. 
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Table 3. Measurements (in mm) of morphological characteristics in adult specimens of Liolaemus qalaywa sp. nov. * broken tail, 


** regenerated tail. 


MUBI MUSA MUBI MUBI 
Museum code 13286 5600 13287 13264 
Stage of development Adult Subadult Adult Adult 
Sex Male Male Female Female 
Type material Holotype Paratype Paratype Paratype 
Snout-vent length 85.54 79.25 79.35 77.23 
Head length 20.24 18.86 18.09 16.85 
Head width 18.71 13.35 17.32 15.46 
Head height 15.90 10.64 12.36 12.54 
Interorbital distance 9.99 8.25 9.16 8.90 
Tail length 110.00 103.44 86.15 (*) 108.57 
Cloacal opening width 12.76 9.56 10.74 10.64 
Body width 28.70 17.42 26.85 24.41 
Width of base of tail 37.68 33.67 40.20 38.28 
Femur length 16.03 15.16 13.60 14.32 
Tibia length 16.47 15.86 14.41 13.98 
Foot length 22.80 19.12 19.67 19.24 
ruse Secor 14.39 11.35 12.61 12.53 
Humerus length 12.04 10.73 8.74 9.78 
Humerus width 7.03 3.9] 5.90 5.45 
Radio length 10.91 9.93 9.45 9.68 
Hand length 14.11 10.27 14.02 12.88 
Tympanum height 4.5] 3-54 3.91 3.85 
Tympanum length | ea 1-72 OF 120 
Neck width 20.50 13.10 17.40 15.62 


shows evident sexual dimorphism. In males, head varies 
considerably from brown to black. The back of the head 
is generally black or dark gray, in most cases darker than 
the sides of the head. The temporal region is similar in 
color to the back, but with lighter shades and in some 
specimens with white, yellow, or light gray spots. The 
supralabial, infralabial, and part of the lorilabial scales 
are always lighter than the rest of the head, sometimes 
immaculate or tinted with darker colors. The subocular, 
preocular, postocular, and loreal scales in most specimens 
are faint yellow, white, or light gray with light blue 
shades. The eyelid scales are always conspicuous, faint 
yellow, as are the posterior internal scales of the auditory 
meatus. In some specimens, the atrial scales, or part of 
them, also have the same yellow color as the palpebral 
scales. The general color of the body varies between 
chestnut and dark gray. Most of the dorsal scales of the 
body have a posterior end lighter than the anterior end, 
with yellow being the predominant color. The design of 
the dorsal body color pattern 1s diffuse and variable. Some 
males do not have paravertebral or lateral spots, while 
others exhibit thin, irregular, dark-colored transverse 
lines with a light back trim, with black and yellow being 
the most common combination. These lines can thicken 
or have a sub-quadrangular shape in the paravertebral 
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MUBI MUBI MUBI MUBI MUBI 
13260 12100 12084 12081 12080 
Adult Adult Adult Subadult Subadult 
Female Female Female Female Female 
Paratype Paratype Paratype Paratype Paratype 
85.53 79.43 79.75 68.51 74.78 
19.34 17.23 18.20 16.04 16.89 
16.71 15.45 15.75 14.10 15.66 
12.10 12.50 11.64 9.68 11.03 
9.30 8.99 9.06 8.50 8.99 
110.78 59.45 (**) 64.44 (**) 87.87 99.88 
11.64 9.69 13.14 10.77 11.49 
34.34 29.34 30.28 22.06 26.18 
37.34 42.76 36.52 28.87 32.61 
15.48 13.63 14.36 1237 13.79 
14.36 13.21 13.94 13.04 13.41 
20.17 18.62 19.03 18.00 19.65 
12.92 11.11 12.18 11.50 12.22 
10.15 9.26 9362 7.45 9.08 
5.93 5.24 5.27 4.65 5.00 
9.54 8.63 8.99 8.76 8.84 
11.84 11.07 10.96 10.88 12.53 
416 3.64 3.72 3.36 3.18 
1.66 1.18 1.62 1.49 1.27 
17.44 15.11 17.43 14.46 18.00 


region, and in some specimens the yellow lines fuse in 
the vertebral region. In the scapular region, numerous 
circular spots are highlighted, small in size and white, 
yellow, or light gray in color; these spots may also be 
present on the sides of the body, including some that are 
irregular or oblong in shape. The limbs and tail have the 
same pattern as the body. On the back of the limbs there 
are small light-colored spots, mostly intense yellow. The 
sides of the fingers and toes are faint yellow or white. 
In the antehumeral, pygal, and femoral regions, yellow 
shades stand out. Most specimens are white ventrally, but 
several specimens have black or dark gray scale edges in 
the mental, gular, pectoral, and abdominal regions. Some 
specimens have gray ventral scales with a light blue 
or light gray distal end. The tail generally changes to a 
lighter color after the first third. In females the coloration 
pattern is totally different and, unlike most Liolaemus 
species, the females have a more lively and showy 
coloration than males. The main difference is in the deep 
yellow color of the palpebral scales, those of the internal 
auditory meatus, the sides of the fingers and toes, as well 
as the back of the thighs and arms. As in males, the back 
of the head is darker than the sides. The predominant 
color on the back 1s dark brown. Small spots or white 
scales are present on the frontal and interparietal regions. 
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The temporal region varies from brown to light gray. The 
supralabial, infralabial, and lorilabial scales are brown 
or light gray, with dark edges. The subocular, preocular, 
postocular, and loreal scales range from light gray to 
deep yellow. The color of the body varies from gray to 
brown and, like in the males, there are dark scales with a 
light distal end. The paravertebral spots are conspicuous 
and evident, generally black and diamond-shaped, which 
may be attached to a transverse black line that can extend 
to the vertebral zone and to the mediolateral line on the 
sides of the body. These paravertebral spots in some 
cases have a white anterior border. The sides of the body, 
humeral area, limbs, and tail have similar patterns as the 
males. Ventrally they are white or gray with some yellow 
undertones. In the gular and mental regions there may 
be dark spots and nuances, while on the belly some have 
iridescent scales that are greenish gray or bluish gray. 
The tail becomes darker distally. 


Etymology. The specific epithet Qalaywa, refers to the 
Quechua word for the Liolaemus lizards from the high 
Peruvian Andes. 


Distribution and natural history. All known specimens 
and observations of L. galaywa sp. nov. come from 
the 12 localities of the type series, in the southeastern 
Department of Apurimac, Peru, at elevations between 
3,740-4,615 m asl (Figs. 4-5). This species inhabits 
high Andean puna (Figs. 4-5). Within the geographical 
distribution of L. galaywa sp. nov., four vegetation units 
were determined: Wetlands, Puna Lawn, Grassland, 
and Bushes. The common floristic composition of each 
unit is as follows—Wetlands: Distichia muscoides, 


Zameoscirpus  muticus, Carex sp., Eleocharis 
albibracteata, Calamagrostis rigescens, and Oritrophium 
limnophyllum, Puna Lawn: Aciachne —acicularis, 


Calamagrostis vicunarum, Paranephelius ovatus, and 
Trichophorum rigidum; Grassland: Jarava ichu, Festuca 
dolichophylla, and Calamagrostis sp.; and Bushes: 
Ribes sp., Gynoxis sp., Escallonia myrtylloides, and 
Berberis sp. Liolaemus qalaywa sp. nov. inhabits all the 
vegetation units, but in wetlands the presence of lizards 
is restricted to the edges. During intensive field work 
in the study area, the presence of adult individuals was 
registered throughout the year; newborns (with presence 
of abdominal scar) appeared from November to March, 
and immatures were found from December to March. In 
December, some couples showing reproductive behavior 
were observed. The species presents a viviparous 
reproduction; an embryo was found inside the body 
of an adult female. Sympatric amphibian and reptile 
species include Gastrotheca marsupiata, Pleurodema 
marmoratum, Telmatobius ctf. jelskii, Liolaemus. aff. 
incaicus, and Tachymenis peruviana. 

Individuals were registered and collected during 
the dry and wet seasons, in natural rocky areas (under 
rocks when hiding and on rocks when active). One of the 
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authors spent 82 person-hours of search time, between 
0815 and 1500 hrs distributed from 2013 to 2019; and the 
total captures (catch and release) were 249 individuals, 
147 in the wet season and 102 in the dry season (97 
males, 113 females, and 39 immatures). The average 
results of our records in areas with different degrees of 
impact per hour of effort varied: in natural areas without 
anthropic intervention, five individuals/hour of search 
were registered; in natural areas with little human impact, 
three; in agricultural areas (which include sectors with 
stones or rocky outcrops) 1.5; and in very impacted areas 
(including areas with removal of land and vegetation, 
like mining, roads, and buildings) the result was zero 
individuals per hour. In general, our observations show 
that L. galaywa sp. nov. is abundant in sectors where 
the habitat remains intact, especially in areas with the 
presence of natural rock outcrops and scattered stones 
which serve as permanent or temporary shelters. However, 
in areas with the presence of agricultural, livestock, and 
open-pit mining activities, abundance tends to decrease, 
as the lizards maintain their populations at the perimeters 
of zones with anthropic activities. 

Individuals of this species are capable of building 
their own burrows and taking advantage of the burrows 
of other animals, such as tarantulas and mice; in the 
same way, arachnids, insects, and small mammals use 
the lizard’s shelters. Several individuals were observed 
thermoregulating on small and medium-sized stones, 
and on stony sandy substrate and grass-like vegetation, 
always near their shelters. The peak of activity was 
during 0900-1100 hrs. 

The presence of ectoparasites of the family 
Trombiculidae was recorded throughout the year; 
however, the presence and density of ectoparasites 
seemed to be lower during December—March, increasing 
in number during April-November. The ectoparasites 
were found distributed in the mite pocket, tympanic duct, 
prefemoral region, inguinal pocket, and axillary pocket. 

An adult male individual of L. galaywa sp. nov. 
was registered eating a frog of the species Pleurodema 
marmoratum, when it was under a stone. Other 
individuals were seen consuming insect larvae. 

Male-male interactions were observed, including 
ageressive behavior by back arching, followed by a 
mutual lateral presentation that ends with one lizard 
charging and biting the other, and the persecution from 
the winner to the loser. Also, when the lizards sense 
danger, such as when researchers try to capture them, 
they show back arching and opening of the mouth, 
producing an exhalation-like sound. 
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Fig. 4. Habitat of Liolaemus galaywa sp. nov. from localities in the Department of Apurimac: (A) Quequello; (B) Nahuinlla; (C) 
Huanquere; (D) Choaquere; (E) Queufia; (F) Ccomerococha; (G) Huanacopampa. 
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Fig. 5. Geographic distribution of 17 formally described species, and three candidate species of Liolaemus. Symbols with a black 
dot in the middle represent the type locality of each species. Species with quotation marks in names belong to the candidate species. 
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Appendix. Specimens examined. 
Liolaemus annectens (n= 15): PERU. Arequipa: Sumbay, MUSA 4114, 4265-66; Caylloma, MUSA 4344-4348, MUSA 1591-97. 
Liolaemus etheridgei (n = 17): PERU. Arequipa: Cabrerias, Cayma, MUSA 501; Cerro Uyupampa, Sabandia, MUSA 549-54; 
Monte Riberefio de la Quebrada de Tilumpaya Chiguata. Pocsi, MUSA 1113-14, 1116, 1264-68, 1353; Anexo de Yura Viejo, Yura, 
MUSA 1229. 


Liolaemus evaristoi (n = 16): PERU. Huancavelica: Los Libertadores, Pilpichaca, Huaytara, MUSA 2841 (holotype), 2781-85, 
2840, 2842—45, MUBI 10474—78 (paratypes). 


Liolaemus insolitus (n = 9): PERU. Arequipa: Quebrada Quialaque, Lomas de Challascapa, Mejia, Dean Valdivia Islay, MUSA 
313-315, 320-324; Lomas de Mejia, Dean Valdivia Islay, MUSA 448. 


Liolaemus melanogaster (n = 12): PERU. Arequipa: Laguna de Corococha, Orcopampa, MUSA 372-376; Huancavelica: 
Huancavelica, 1 km Southwest of Betania, MUSA 2762-2767. Ayacucho: 45 km East of Puquio, FML 2491 (paratype). 


Liolaemus ortizi (n= 3): PERU. Cusco: Huacoto, MUSA-CSA 1432; Santa Barbara, MUSA 1443, 1511. 
Liolaemus poconchilensis (n = 4): PERU. Tacna: MUSA 1428-29, MUSA 1638-39. 


Liolaemus polystictus (n = 13): PERU. Huancavelica: Mountain close of Rumichaca, Pilpichaca, MUSA 1337-1338; Santa Inés, 
Castrovirreyna, MUSA 2448-2457; Santa Inés, FML 1683 (paratype). 


Liolaemus robustus (n = 11): PERU. Lima: Surroundings of Huancaya, Reserva Paisajistica Nor Yauyos Cochas, MUSA 1693- 
1702; Junin: Junin, FML 1682 (paratype). 


Liolaemus signifer (n = 12): PERU. Puno: Titicaca Lake, 3,840 m, FML 1434; Titicaca Lake, road to Puno, FML 1557; near 
Tirapata, MUSA 1415; Huancané, Comunidad Taurahuta, MUSA 1441-43; Huerta Huayara community, 3 km before Puno, MUSA 
1483-87. 

Liolaemus thomasi (n= 15): PERU. Cusco: After Mahuayani pass, MUSA 1398-1412; Pampacancha, Quispicanchi MUBI 5925. 


Liolaemus williamsi (n = 15): PERU. Ayacucho: Surroundings of Pampa Galeras, MUSA 1519-1531, FML 1701 (paratype); 
Lucanas, Pampa Galeras, FML 13403 (paratype). 
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Abstract.—Human disturbance in highly anthropized areas is known to have many negative effects on 
biodiversity. Due to their close relation to the environment (e.g., thermoregulation) and their limited movement 
Capacities, reptiles (and snakes in particular) are excellent bioindicators of environmental quality. In addition, 
they carry out essential ecological functions, acting as prey and predator simultaneously. However, studies 
focusing on the effects that conservation efforts have on their populations after implementation are scarce. 
Hence, the aim of this study was to evaluate the effect of small protected areas on one of the most common 
snake species in the Iberian Peninsula, Natrix maura. During 2015 and 2018, samplings were conducted at eight 
different points in the Albufera de Valencia Natural Park in Spain, three of them being biological reserves. The 
results show that such protected areas have positive effects on the N. maura populations at different levels. In 
protected areas, population structures are more complex and the body condition of large individuals is better. 
The study also examined predatory pressure, but did not find a significant correlation between the abundance 
of predatory birds (herons) and injured or “scared” individuals of N. maura. In conclusion, such areas can 
be essential for allowing snakes to maintain their biological cycles, and in some cases even to prevent their 
disappearance from highly anthropized environments. Therefore, we strongly recommend the creation of more 


protected areas in order to promote the conservation of biodiversity in these areas. 
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Introduction 


In a more and more anthropized world, the conservation 
of biodiversity is becoming an increasingly important 
challenge. However, there is an imbalance in the 
partitioning of conservation efforts among different 
animal groups (Czech et al. 1998; Gerber 2016). 
Especially in society in general, poorly accepted groups 
tend to receive less attention when planning and carrying 
out conservation and management projects (Czech et 
al. 1998). One group where this result is most evident 
is snakes, as their image is affected very negatively by 
many cultural factors, such as religious beliefs and the 
general media, leading to a learned fear and aversion 
(Ballouard et al. 2013). However, acting as predators and 
prey simultaneously, snakes are of vital importance to the 
function of many ecosystems. Moreover, given their tight 
relationship with environmental conditions and _ their 
limited movement capacities, snakes represent an ideal 
group for use as bioindicators of environmental quality 


and for evaluating the success of conservation measures 
already implemented (Beaupre and Douglas 2009). 

Natrix maura is one of the most common snake 
species of the Iberian fauna, and clearly the most 
abundant snake in water-related habitats (Pleguezuelos 
et al. 2002). In addition, a great ecological plasticity has 
allowed this species to persist in highly human disturbed 
areas, such as agricultural areas (Santos 2015). However, 
there is still a lack of knowledge regarding the effect of 
human disturbances on this species. This is concerning, 
as in areas where its population status had been studied 
previously, very negative effects of human activity on N. 
maura populations have been detected (Miras et al. 2009; 
Santos and Llorente 2009; Santos 2015). 

The threats N. maura populations are facing are 
diverse. In addition to natural factors which negatively 
affect N. maura populations, including the improvement 
of natural predator populations such as herons (e.g., 
Garrido et al. 2012), the great majority of the threats are 
related to human activity. Road mortality is an important 
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Figure 1. Satellite image of the study area, the Albufera de 
Valencia Natural Park, obtained from Google Maps (accessed: 
25 January 2019), indicating the locations of the eight sampling 
points. 
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factor, especially in wetlands, as roads usually run 
parallel to water channels (Llorente et al. 2005; Santos 
2015). In addition, the destruction, fragmentation, and 
disturbance of N. maura habitats are important threats 
(Santos et al. 2002) and, given that it 1s a predator, the 
reduction of prey availability has also negative effects on 
the species (Filippakopoulou et al. 2014). The massive 
use of plant protection products in agriculture and 
contaminants being dumped into rivers from urbanization 
have noticeably reduced the water quality in this species’ 
habitats. Given that the prey items of N. maura are 
mainly aquatic, studies have shown that NV. maura has a 
great capacity for the bioaccumulation of contaminants 
(Santos et al. 1999). In addition, ecological alterations 
of the ecosystems by the introduction of exotic species 
has also exerted direct or indirect negative effects on N. 
maura populations (e.g., Alarcos et al. 2009). Finally, 
the fear and negative image that ophidians have in the 
general population leads to their encounters with humans 
often ending with the snakes’ death, even for those that 
are absolutely inoffensive (Hailey and Davies 1987). The 
effects of all these factors were seen, for example, in the 
Ebro Delta of Spain, when Santos and Llorente (2009) 
detected a dramatic reduction in the abundance of N. 
maura in a span of only 13 years. 

As in the Ebro Delta, in the Albufera de Valencia 
Natural Park (Spain) the use of the major terrain is for rice 
plantations (Sanchez 2008). This intensive agriculture has 
promoted the massive use of fertilizers, herbicides, and 
insecticides, which in the past decades has led to massive 
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eutrophication problems and a drastic decrease in general 
water quality (e.g., Soria 2006). To confront this problem, 
several natural reserves were created between 2006 and 
2011 in order to foment biological conservation and the 
recovery of water quality. These reserves are former rice 
fields which were transformed into artificial wetlands, 
recovering the marshy habitats and the associated plant 
and animal biodiversity, and restoring (at least in small 
areas) the natural state of the Albufera wetland. The 
importance of this type of biological reserve has already 
been reported for various groups of organisms, including 
birds (Rodrigo et al. 2018; Sebastian-Gonzalez et al. 
2013), amphibians (Reques 2004), and turtles (Drechsler 
et al. 2018). 

Fauna conservation studies often focus on “umbrella” 
or “indicator” species or zoological groups, for example 
birds. However, this implies a simplification of the 
ecological relationships and has already been criticized, 
as the conservation of one group does not necessarily 
entail the conservation of the others (e.g., Figuerola and 
Green 2003). In the case of reptiles (with the exception 
of turtles with conservation problems), there are very 
few studies which evaluate the effects of conservation 
measures on their target populations (Shine et al. 1998; 
Webb et al. 2005; Schoemaker 2007). 

The aim of this study is to evaluate the effect of small 
biological reserves in highly anthropized environments 
on several aspects of the biology of N. maura, especially 
population dynamics. Given that this species is the most 
common reptile in aquatic environments in the Iberian 
Peninsula, these data will be of great use when comparing 
biological quality of coastal wetlands throughout the 
Iberian Peninsula, and at the same time, for evaluating the 
success of conservation measures that have been taken. 


Materials and Methods 
Study Area 


The study area is the Albufera de Valencia Natural Park, 
located about 10 km south of Valencia city in Spain 
(39°21718.7"N 0°21°38.4”"W). It is one of the most 
important wetlands of the Iberian Peninsula, with an 
area of ~21,000 ha. Approximately 3,000 ha correspond 
to the central lagoon, while the remaining 18,000 
ha mainly correspond to intensive rice fields (Oryza 
sativa) [Fig. 1]. The water supply of this environment 
has several different origins, including the Jucar 
river, rain water from highly urbanized watersheds, 
springs from subterranean aquifers, urban or industrial 
effluents (depurated wastewater), and irrigation returns 
from the agriculture in the area. The study area is 
highly anthropized for the agricultural use, so that the 
natural marsh vegetation is restricted to canals and the 
perimeter of the central lagoon, and is dominated by 
Common Reed (Phragmites australis) and Southern 
Cattail (Thypha dominguensis). 
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Figure 2. Satellite images of the three natural reserves: Pipa (A), Milia (B), and Illa (C), obtained from Google Maps (accessed: 5 


December 2019). 


Embedded in this anthropized environment are the 
three studied biological reserves: Tancat de la Pipa, 
Tancat de Milia, and Tancat de Illa (Fig. 2). All three 
reserves are former rice fields that have been transformed 
into artificial wetlands in order to restore water quality, 
foment the conservation of biodiversity, and provide 
areas for environmental education. The access to these 
areas is restricted to the fulfilment of these specific 
objectives. The Tancat de la Pipa (Pipa) is the oldest 
and largest reserve, created in 2006 with an area of 
about 40 ha, and different types of shallow marshy 
habitats have been recreated there, including canals with 
dense vegetation on the shores and permanent lagoons. 
The other two reserves were created in 2011 and are 
characterized by more active management of the water 
levels and vegetation. The Tancat de Milia (Milia) has 
an intermediate area of 33.4 ha and the Tancat de Illa 
(Illa) is the smallest, covering only 16 ha. In addition to 
the reserves, five additional points were sampled: (i) the 
Catarroja port and the surrounding rice fields (AR), an 
area far away from the central lagoon and high anthropic 
pressure due to the presence of bars, frequently used 
roads, fishing, and boat traffic; (11) rice fields near the 
Silla port (LR), an area close to the central lagoon and 
with less anthropic pressure; (111) the surroundings of El 
Palmar (Palmar), an area with a relatively high anthropic 
pressure, abundant vehicle traffic, and fishing activity; 
(iv) Socarrada (SC), an area close to Illa; and (v) the 
Muntanyeta dels Sants (MS), a small urbanized area 
embedded in the rice field environment (Fig. 1). 


Fieldwork 


Between March and November in both 2015 and 2018, 
one researcher carried out random searches for NV. maura 
for 1.5—2 hours at the eight sampling points. All censuses 
were carried out by the same researcher and were initiated 
2-3 hours after sunrise. The sampling was repeated at 
each point every two weeks in 2015 and once per week 
in 2018. In each survey, adverse weather conditions were 
annotated, such as clouds, wind, or rain. All individuals 
of N. maura observed were recorded, indicating whether 
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they were adults or juveniles when possible. Individuals 
were considered adults based on SVL > 250 mm (males) 
and SVL > 300 mm (females) [Santos 2015]. In parallel 
to the counts, whenever possible, all individuals were 
captured by hand and placed in individual cloth bags 
until posterior measurements could be taken. Once the 
censuses were finished, the captured individuals were 
processed, measuring basic biometry with the use of a 
measuring tape and a weighing scale: snout-vent length 
(SVL, to the nearest 0.5 mm), total length (to the nearest 
0.5 mm), and weight (with a precision of 0.01 g). In 
addition, records were made of the presence of injuries, 
scars, or a broken tail, which could be interpreted as the 
result of a predation event, or if there were gut contents 
(these individuals were excluded from body condition 
analysis). Each individual was marked with a unique 
code of small notches on the ventral scales in order to 
control for recaptures (Lang 1992). After measurements 
were taken, each individual was released at the capture 
point. 


Data Analysis 


To determine the abundance, the numbers of individuals 
observed were standardized for the duration of each 
census (in hours), obtaining the values in individuals/ 
hour. Data were grouped by areas, years, seasons (as 
“Spring” for March—May, “Summer” for June-August, 
and “Autumn” for September—November), whether the 
area was protected or not, and whether it was close to 
the central lagoon (<2 km) or far from the lagoon (> 
2 km). In order to determine statistical significance, a 
Poisson Logit Linear Regression Model (Poisson GLM) 
was performed. Effects of the presence of clouds or other 
adverse meteorological conditions on the snake censuses 
were eliminated by comparing the snake counts on the 
days with such conditions with the days immediately 
before and after which had favorable conditions (Poisson 
GLM, z = 1.043, p =0.297). 

In order to analyze predation risk, a Binomial Logit 
Linear Regression Model was performed considering the 
following variables: SVL, Type of dorsal coloration (zig- 
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zag vs. bilineata, Santos et al. 2017), Sex, Year, and Site. 
For this analysis, individuals with SVL < 250 mm (n = 
305) were excluded, because large individuals are known 
to be more prone to predation (Santos et al. 2011). In 
addition, in the case of the reserves, the proportions of 
injured individuals were calculated (Santos et al. 2011), 
and these data were compared with the abundances of 
birds that are potential predators of N. maura, especially 
large herons (Great Egret, Egretta alba; Grey Heron, 
Ardea cinereal,; and Purple Heron, Ardea purpurea). 
The number of birds was obtained by conducting weekly 
counts during the same period as each snake census. 
The bird counts were accomplished with binoculars 
and telescopes, always during the first four hours after 
sunrise and avoiding adverse meteorological conditions 
such as wind, rain, or fog. In the cases of Pipa and Illa, 
these counts were made on foot, recording all individuals 
seen; while in the case of Milia, with less vegetation 
surrounding open water areas, counts were made from 
inside a parked car. 

Data from both years were used for constructing the 
population pyramids, without discriminating periods. 
The captured individuals for each area were grouped 
in intervals of 150 mm SVL and the proportions 
of individuals corresponding to each interval were 
calculated with respect to the total area. A chi-square 
test was performed to determine statistically significant 
differences. 

Finally, to study the body condition, the relation 
between weight (g) and size (SVL, in mm) of the 
individuals was represented and the tendency line was 
drawn. Individuals with an SVL above 600 mm were 
excluded, as such individuals appeared in only two 
areas (Pipa and Milia). The tendency line of the global 
data cloud served as the reference function. Afterwards, 
the data were separated by areas and the correlation 
coefficient (R) and determination coefficient (R?) of 
the corresponding data cloud were calculated with the 
reference function. A low coefficient for an area indicates 
that the gain of weight of the individuals in this area does 
not follow the mean increase of the general population. 
In order to analyze the evolution of body condition in 
the different areas in greater detail, the SVL and weight 
values were log-transformed and the residuals of the 
correlation between these two variables were calculated. 
To determine statistical differences between protected 
and non-protected areas for the residuals, Kuskal-Wallis 
tests were performed for each SVL interval. 


Results 


A total of 721 snakes was recorded in 459 sampled hours. 
The abundance analysis showed an almost significant 
reduction of abundance values between 2015 (1.76 + 
1.80 ind/h) and 2018 (1.45 + 1.55 ind/h) [Table 1]. This 
decrease is especially evident in Illa for both adults and 
juveniles and in AR for adults (Fig. 3). In addition, areas 


Amphib. Reptile Conserv. 


67 


A 


a 230 
2.00 
Ah 1.80 
1.60 
2 140 
= a0 
S 1.00 
S 0.80 
= 0.60 
0.40 
0.20 
0.00 Li yy Yip 
LR Tila Milia Pipa 
2.00 
1.80 B 
~ 1.60 
= 1.40 
Ef 1.20 
© 1.00 
a 
Z 0.80 
B 060 
< 
0.40 
0.20 
0.00 Z li 
L Illa Milia Pipa 
2.00 
1.80 
1.60 
~, 
= 140 
ae) 
| 120 
— 
2 1.00 
q 
3 080 
te 0.60 
<= o40 
0.20 
0.00 ZZ Li ey 


AR 


LR Illa Milia Pipa 


Figure 3. Abundances of Natrix maura in the different study 


areas in 2015 (filled bars) and 2018 (striped bars), for the total 
population (A), adults only (B), and juveniles only (C). 


located near the central lagoon and in protected areas 
showed abundances which seem to be significantly lower 
than in areas far from the lagoon and non-protected areas, 
respectively (Table 1). 

Significant differences were found in the distributions 
of sizes between areas (X? = 362.2, df=35, p< 0.001). The 
population pyramids (Fig. 4) show that the most mature 
populations, 1.e., those with the highest proportions of 
large individuals, correspond to Pipa and Milia, which 
presented ~10—15% of individuals above 600 mm SVL. 
In the other areas, the populations are mainly formed 


Table 1. Results of the GLM for Poisson distributions 
evaluating the effect on the abundance of N. maura of five 
different variables: Year, Season, Area, Protected/non-protected 
and Close/far from the central lagoon. 


; Coefficient 
vocab estimate P 
Year -0.318 -1.937. 0.053 
Season -0.122 -1.329 0.184 
Area 0.315 3.843 <0.001 
Protected/non-protected -0.775 -3.364 <0.001 
Close/far from lagoon 0.784 3.835 <0.001 
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Table 2. Values of the correlation and determination coefficients for the increase of weight with body size with respect to the 


reference function for each sampling area. 


Sampling area 


SC 0.982 
LR 0.953 
AR 0.950 
Pipa 0.942 
Palmar 0.939 
Milia 0.929 
Illa 0.888 
MS 0.886 


by immature individuals, specifically individuals with 
150-299 mm SVL. The second most abundant group had 
300-449 mm SVL, and is formed by young adults. In 
these areas, very few individuals (~5%) reached an SVL 
above 450 mm. 

The results obtained regarding predation indicate that 
none of the variables considered significantly affected 
predation risk (z = 1.929, p = 0.054, for SVL; z= -0.774, 
p = 0.439, for Coloration; z = -1.782, p = 0.075, for 
Year; z = -0.326, p = 0.744, for Sex; and z = -0.857, p = 
0.392, for Site). Significant correlations were not found 
between either the abundance of potential predator birds 
(expressed as number of birds detected per census and 
ha of the reserve) or the proportion of injured N. maura 
individuals (Lineal Regression Model, F, ,, = 4.424, p = 
0.126, considering only the three mentioned large heron 
species, and Lineal Regression Model, F, |, = 2.757, p = 
0.195 for all heron species). 
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Determination coefficient (R’) 
0.965 
0.908 
0.903 
0.888 
0.881 
0.863 
0.789 
0.785 


The analysis of body condition showed that in the 
sampled population of N. maura in the Albufera de 
Valencia Natural Park, weight (W, in g) varies with body 
size (SVL, in mm) according to the following function 
(n= 649): 


W- 0.787328 Bon ae (R° z 0.95) 


The comparison of the data clouds of each area with 
this reference function showed that MS and Illa were 
the areas with the lowest correlation coefficients for 
these variables, and SC and LR were the areas with 
the highest correlation values (Table 2). Among the 
biological reserves, Illa was the least correlated and 
Pipa the most correlated. Comparing protected areas 
with non-protected areas, a clear difference was seen 
regarding body condition, with large individuals (> 
450 mm SVL) presenting significantly higher body 
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Figure 4. Population pyramids of each area representing the proportion of individuals for each SVL interval in the population: 
< 150 mm (Bi. 150-299 mm (@): 300-449 mm ("= ); 450-599 mm (—_); 600-749 mm (__—); and >750 mm (___). 
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Table 3. Sample size (in parentheses), and values of mean + standard deviation of weight (in g) for the individuals in different body 
size ranges for each area, comparing the protected (Illa, Milia, and Pipa) and non-protected areas (AR, LR, MS, Palmar, and SC); 
and the results of the Kruskal-Wallis test comparing the residuals of the correlations between the log-transformed SVL and weight 


data from protected and non-protected areas. 


SVL (mm) 
< 150 150-299 300-449 450-599 

SC (22) 2.31 +0.51 (6) 3.67 + 0.97 (2) 26.50 + 4.38 (1) 80.80 + 0.00 
LR (31) 2.74 +0.55 (71) 6.68 + 5.12 (19) 31.51 + 10.98 (2) 91.92 + 54.28 
AR (15) 2.51 +0.33 (72) 9.50 + 6.04 (42) 30.04 + 10.34 (5) 60.28 + 9.75 
Pipa (41) 2.53 +0.51 (67) 6.45 + 4.68 (28) 34.064 14.15 (44) 131.70 + 43.04 
Palmar (5) 2.96 + 0.61 (9) 11.09 + 7.49 (12): 37-57 4 21.26 - 

Milia (4) 2.39+0.14 (24) 8.16 + 5.84 (8) 30.08 + 7.81 (5) 100.71 £35.15 
Illa (31) 2.64 + 0.64 (53) 6.92 + 4.98 (19) 35.47 + 14.49 (2) 91.17 + 18.17 
MS (1) 2.30 + 0.00 (6) 15.39 + 7.48 (4) 30.64 + 4.85 ~ 
Protected (76) 2.57 + 0.56 (144) 6.91 + 5.00 (55) 33.974 13.45 = (51) 127.14 + 42.88 


Non-protected 


(74) 2.57 £0.53 


(164) 8.38 + 6.05 


(79) 31.48 + 12.51 


Kruskal-Wallis results for residuals 


(8) 70.75 + 26.38 


Mean (Protected) (76) 0.047 + 0.224 
Mean (Non-protected) (74) 0.099 + 0.213 
DF 1 

xX 3.102 

P 0.078 


condition values in protected areas than in non- 
protected areas (Table 3). 


Discussion 


The results reported here show that biological reserves 
are local areas of importance for the conservation of 
snakes in the Albufera de Valencia Natural Park. The 
population structure in protected areas is more complex, 
individuals reach larger body sizes, and their body 
condition is better in comparison to non-protected areas. 
The effect of such reserves as natural environments can 
noticeably reduce some threats and pressures on snakes, 
such as agricultural activities and human presence, which 
impart higher mortality (due to machinery, roadkill, or 
ageression caused by the aversion to snakes in many 
people) [e.g., Whitaker and Shine 2000]. It is precisely 
expected that this mortality is accentuated in larger 
individuals (Shine and Koenig 2001). Moreover, in non- 
protected areas, the low environmental quality and human 
disturbance also have been shown to negatively affect the 
availability of prey, such as fish and amphibians (Lawler 
2001; Marco 2002). Finally, it has been demonstrated that 
the bioaccumulation rate of toxics in N. maura is more 
important in large individuals than in small ones (Santos 
et al. 1999; Lemaire et al. 2018). While not directly 
measured here, all these factors could play synergistic 
roles in explaining the results of this study. Although a 
decrease in abundance was found in protected areas in 
relation to non-protected ones, this could be related to 
differences in detectability (e.g., dense vegetation in 
reserves, abundant junk items serving as hiding spots 
in anthropized areas, etc.). This could also explain the 
differences between areas close to and far from the 
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(144) -0.045£0.211 
(164) -0.011 + 0.225 


(55) -0.081 + 0.225 
(79) -0.103 + 0.167 


(51) 0.109 + 0.262 
(8) -0.164 + 0.163 


1 1 1 
1.782 0.056 Halt 7 
0.182 0.812 0.007 


lagoon, as the latter tended to be more anthropized. 

The results of this study also indicate that 
characteristics of protected areas, such as size and 
management, could play important roles in their ability 
to conserve NV. maura populations, as not all protected 
areas showed the same results. For instance, although Illa 
is a protected area, its reduced size and the fact that it 
is surrounded by a heavily-travelled road could prevent 
the development of a population as complex as the ones 
observed in Milia and Pipa. Another possible explanation 
could be the presence of predators, especially birds, and 
in particular herons. These birds also tend to congregate 
in the reserves, using it for reproduction, feeding, and as 
temporary roosts during migration (e.g., Gosalvez et al. 
2012; Pérez-Granados et al. 2013). Many birds, especially 
herons, predate on N. maura (e.g., Amat and Herrera 
1977, Gonzalez and Gonzalez-Solis 1990). In fact, the 
proportions of injured N. maura individuals were higher 
in Pipa and Milia than in the other areas. However, in this 
study we did not find evidence for a significant effect of 
bird density on the status of NV. maura populations, and 
in most cases the correlations were even negative. This 
could be explained by the greater density of vegetation 
in the protected areas, providing the snakes with more 
refuges and possibilities for hiding and escaping from 
predators. We also have to take into account the effect of 
the “bias of the survivor,” as we can only see and measure 
what correspond to failed predation attempts (Gregory 
and Isaac 2005). Finally, the coloration of the snakes has 
been found to have a significant effect on predator attack 
rate, where in dense habitats individuals with a zig-zag 
pattern (Batesian mimicry) are attacked significantly less 
than individuals with striped dorsal patterns (Santos et 
al. 2017). However, this study did not detect a significant 
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effect of dorsal coloration on predation risk. 

The results presented here do not allow for inferences 
on the long-term tendencies of the populations in the 
studied areas or the general population of N. maura in the 
Albufera de Valencia Natural Park. However, the fact that 
a significant decrease of snake abundance was detected 
between 2015 and 2018 can be interpreted as an indicator 
that the populations may be suffering a decline. In fact, 
snake populations in general are known to be declining 
considerably, and there are indications that in Europe 
the most probable causes are habitat deterioration, low 
prey availability, and pollution (Reading et al. 2010). In 
the case of the Iberian wetlands, industrialization, the 
modernization of sowing and harvesting techniques, the 
massive use of fertilizers, habitat loss and fragmentation, 
and other factors have already caused an important 
decrease in snake populations in the Ebro Delta (Santos 
and Llorente 2009), an area very similar to the area of this 
study. Specifically, the authors detected a decline in the 
Ebro Delta of about 50%, in some cases even 100%, of 
the N. maura populations in only 13 years. However, the 
lack of data for the Albufera de Valencia Natural Park on 
the status of the NV. maura population in the past makes 
it impossible to confirm whether a similar situation is 
happening in the Albufera de Valencia Natural Park. 

In conclusion, the existence of biological reserves in 
this highly anthropized environment has had a positive 
effect on N. maura populations on different levels. 
Considering that human disturbance and the effects of 
intensive agriculture (landscape homogenization, loss of 
boundaries, temporal disturbance, and use of chemical 
products) are growing stronger and that a general decline 
of snake populations has already been described, we could 
even affirm that such protected areas are essential for 
snakes to maintain their biological cycles and, in extreme 
cases, even to avoid the disappearance of populations of 
species like N. maura in this type of environment. Taking 
all of these considerations into account, it is evident that the 
creation of more such protected areas is important and has 
to be promoted in highly anthropized areas, with the aim 
of conserving and protecting snakes, a group of predators 
that is essential for the function of many ecosystems and to 
which it is increasingly necessary to pay attention. 
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Abronia fuscolabialis (Tihen 1944). The Mount Zempoaltepec Arboreal Alligator Lizard has an EVS of 18 (Johnson et al. 2017) and 
its distribution is restricted to the Sierra Madre de Oaxaca of Oaxaca, Mexico (Mata-Silva et al. 2015). This species is poorly known 
since it is represented by only five museum specimens from two different localities in the Sierra Madre de Oaxaca (Cerro Pelon 


and Cerro Zempoaltepetl). This individual was observed and photographed in a third (new) locality in the Sierra Juarez of Oaxaca, 
Mexico. Photo by César Mayoral Halla. 
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Abstract.—Of significant biodiversity importance, the Mesoamerican herpetofauna now increases at a rate of 
approximately 35 species annually. As its size increases, however, the global problem of biodiversity decline 
continues to worsen with time. Recently, a set of conservation priority levels was established for individual 
species based on a combination of physiographic distribution and Environmental Vulnerability Score (EVS). 
The 18 such levels identified range from level one, encompassing species that occupy a single physiographic 
region and with a high EVS, to level 18, including species that inhabit six physiographic regions and have a low 
EVS. For the Mesoamerican herpetofauna, the greatest number of species is placed in level one, amounting to 
970 taxa with documentable distributions. From one to 149 priority level one species are found in 20 of the 21 
physiographic regions recognized in Mesoamerica. Slightly more than three-quarters of the priority level one 
species of anurans, salamanders, and squamates are found in the Baja California Peninsula and six montane 
regions in Mexico and Central America. Conservation biology, thus far, has not been successful at reversing 
the steady loss of biodiversity nor at placing biodiversity decline on the global agenda. In addition, humans are 
becoming increasingly divorced from contact with the natural world and, thus, less aware of the life-threatening 
impact they are having on the planet’s life-support systems. Given this situation, the authors of this paper have 
become increasingly devoted to trying to understand why humans in general exhibit the highly dangerous 
anthropocentric worldview. As have other biologists, the authors ascribe this behavior to what is known as 
“the mismanagement of the human mind.” This mismanagement of the human mind is believed to result from 
a cascade of psychological ailments giving rise to increasingly restrictive forms of centristic thinking. In the 
final analysis, these types of thinking appear likely to doom to failure any efforts to establish for perpetuity 
protected areas that can harbor the priority level one species identified in this and earlier papers. Until and 
unless the anthropocentric worldview can be transformed into a worldview consonant with the realities of how 
life operates on planet Earth, we humans are not only endangering ourselves but also all other life. This article 
discusses the implications of this worldview for the potential conservation of the priority level one endemic 
species of the Mesoamerica herpetofauna. 


Keywords. Amphibia, biodiversity decline, Central America, conservation priority levels, Mexico, Reptilia 


Resumen.—De gran significancia en materia de biodiversidad, la herpetofauna Mesoamericana aumenta a una 
tasa aproximada de 35 especies anualmente. Sin embargo, asi como aumenta su importancia, el problema de la 
disminucion global de la biodiversidad continua empeorando con el tiempo. El trabajo reciente por algunos de 
nosotros establecio un numero de niveles de conservacion prioritarios que estan basados en la combinacion 
de la distribucion geografica y el indice de Vulnerabilidad Ambiental (Environmental Vulnerability Score = EVS, 
por sus siglas en ingles). Dieciocho niveles han sido identificados, que van desde el nivel uno, que incluye las 
especies que se encuentran en una sola region fisiografica y con un EVS alto, al nivel 18, que incluye especies 
que habitan en seis regiones fisiograficas y con un EVS bajo. El mayor numero de especies se encuentra 
en el nivel uno, con 970 taxones. De una a 149 especies en el nivel de prioridad uno, se encuentran en 20 de 
las 21 regiones fisiograficas reconocidas en Mesoamerica. Ligeramente mas de tres cuartos de los anuros, 
salamandras, y escamosos en el nivel de prioridad uno, se encuentran en la Peninsula de Baja California y 
en seis regiones montanosas de Mexico y Centroamerica. A la fecha, la conservacion bioldgica no ha sido 
exitosa en revertir la perdida consistente de biodiversidad, ni en establecer la disminucion de la biodiversidad 
en la agenda global. Adicionalmente, los humanos cada vez estan mas divorciados del contacto con el mundo 
natural, y asi, menos conscientes del impacto mortal que estamos ejerciendo en los sistemas que sostienen 
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la vida del planeta. Dada la situacion actual, los autores de este articulo se han dedicado seriamente a intentar 
entender por qué los humanos en general demuestran una vision antropocéntrica del mundo muy peligrosa. 
En concordancia con otros bidlogos, estos autores atribuyen esta conducta a lo que se conoce como “la 
mala conducta de la mente humana”. Esta conducta mental es el resultado de una cascada de problemas 
psicologicos que dan origen a una creciente variedad de pensamientos centristas. En el analisis final, son los 
tipos de pensamientos centristas los que probablemente aseguran el fallo de los esfuerzos para establecer 
areas naturales protegidas perpetuas que pueden albergar a las especies en el nivel uno de prioridad que hemos 
identificado en este y otros articulos anteriores. Mientras no sea posible transformar la vision antropocentrica 
del mundo en una que vaya acorde con la realidad de como funciona la vida en el planeta Tierra, hasta entonces 
los humanos no solo estaremos poniendo en riesgo nuestras propias vidas, si no la de todos los seres vivos. 
Este articulo discute las implicaciones de esta cosmovision para la conservacion potencial de las especies 
endémicas de primer nivel de la herpetofauna de Mesoamerica. 


Palabras Claves. Anfibia, América Central, disminucién de la biodiversidad, México, niveles prioritarios de 
conservacion, Reptilia 
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“Oxymorons, such as “sustainable development,” are — this decline, we must rapidly accumulate the baseline 


strung together by politicians and developers in any data needed to document its nature and extent in order 
attempt to make all this destruction and homogenization — to transform the search for ultimate solutions from its 


seem less offensive.” current position on “herpetological wish lists” to rapid 
Eric R. Pianka (1994) enactment over the long term. 

Johnson et al. (2017) and Mata-Silva et al. (2019) 

Introduction examined the endemic herpetofaunas of Mexico and 


Central America, respectively, in an attempt to establish a 
The Mesoamerican herpetofauna is of tremendous set of conservation priority levels based on physiographic 
biodiversity significance (Wilson and Johnson 2010; — distribution and Environmental Vulnerability Score 
Wilson et al. 2013a,b; Johnson et al. 2015; Johnson et (EVS; Wilson et al. 2013a,b; Johnson et al. 2015). 
al. 2017; Mata-Silva et al. 2019), and that significance Calculations in Johnson et al. (2017) and Mata-Silva et 
only increases with time due to the continuing discovery __ al. (2019) led to the recognition of a series of 18 priority 
of new taxa within the region (see below). Wilson levels ranging from level one (species occupying a single 
and Johnson (2010) comprehensively documented a physiographic region and having a high category EVS) to 
herpetofauna for the region of 1,879 species. The current —_level 18 (species occurring in six physiographic regions 
figure for Mesoamerica is 2,156 species, or an increase —_ and having a low category EVS). 
of 277 species over approximately eight years, i.e., 34.6 Johnson et al. (2017) and Mata-Silva et al. (2019) 
species per year (http://mesoamericanherpetology.com; — considered the priority level one species to be the most 
accessed 9 November 2019). If this rate of discovery in need of conservation attention, due to their limited 
were to hold until mid-century, then the total figure distribution and high environmental vulnerability. 
for Mesoamerica could be expected to rise to ~3,229 Johnson et al. (2017) listed 490 such species in Mexico, 
species. While this increase in our knowledge of the — and Mata-Silva et al. (2019) listed 429 species in Central 
Mesoamerican herpetofauna is occurring, the factors that | America, for a total of 919 species. In the interim 
exacerbate the overall global problem of biodiversity | beyond the appearance of these two papers, a number of 
decline are worsening at an exponential rate, in concert additional species have been described that also qualify 
with the rise in human population numbers (Johnson as conservation priority level one species, and we have 
et al. 2017; Jarvis 2018). Unfortunately, we know _ incorporated them into our analysis below. In addition, 
much more about the growth of our knowledge of the — several corrections to the categorizations that were 
Mesoamerican herpetofauna than we do about its decline. | assigned in these two papers have been necessitated by 
The rate at which our knowledge of this herpetofauna new information, and these re-classifications are reflected 
increases (as indicated above), undoubtedly pales into —_as necessary in the tables accompanying the text of this 
virtual insignificance when compared to the probable paper. 
(but essentially unknown) rate of herpetofaunal species The purpose of this paper is to examine in detail the 
decline over time. What data we do have, however, points future prospects for the preservation of the conservation 
to a decline in herpetofaunal diversity that is increasing priority level one species identified by Johnson et al. 
ever more rapidly with time. If we have any hope to limit (2017) and Mata-Silva et al. (2019) in Mexico and Central 
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America, respectively. The approach we have taken is to 
examine the distribution of these species in greater detail 
than was undertaken in these two previous papers, with 
a view to focusing on the relative significance of the 
various Mesoamerican physiographic areas. 


The “Conservation Priority Level” Concept 


The concept of conservation priority levels was developed 
for application to the Mesoamerican herpetofauna 
by Johnson et al. (2017) and Mata-Silva et al. (2019). 
These priority levels are based on a combination of 
environmental vulnerability scores (EVS) and occurrence 
in physiographic regions. Since these two papers were 
published, additional herpetofaunal taxa have been 
described, primarily in Mexico. These new taxa are 
discussed immediately below. 


Recent Changes to the Mesoamerican Herpetofauna 


Inthe relatively short time since the publication of Johnson 
et al. (2017) and Mata-Silva et al. (2019), a number of 
significant additions to the herpetofauna of Mexico and 
Central America have appeared. These additional taxa 
are listed in Table 1, along with citations of their place of 
publication, distribution among physiographic regions, 
EVS calculations, and conservation priority levels. 
Those that occupy priority level one are incorporated into 
the sections below. 

The 71 species included in Table 1 comprise 19 
anurans, three salamanders, 20 lizards, 27 snakes, and 
two turtles. Forty-eight of the 71 species were described 
as new and the remainder involved elevations from 
subspecies to species level or reports as new for the 
herpetofauna of Mesoamerica. Thirty-five of the 48 new 
species were described in 2018, one in 2016, four in 2017, 
and eight in 2019. Twenty-nine of the 48 species were 
described from Mexico, and the other 15 from Central 
America; and only nine of the 71 species are known to 
occupy more than a single physiographic region (see 
Table 1). The physiographic regions (as recognized by 
Wilson and Johnson [2010]) involved for all 71 species 
are as follows: BC (9 species), CG (1), CP (1), CRP (6), 
EP (2), GCR (5), GH (5), HN (8), MC (6), NB (2), NP 
(2), OC (4), OR (7), SC (13), SD (1), SU (11), TT (4), 
and YP (1). All but six species are placed in the high EVS 
category of vulnerability, with scores ranging from 14 to 
19; with six exceptions having EVS of 13 (4), 12 (1), and 
9 (1). As a consequence, 59 of the 71 species in Table 1 
qualify as priority level one taxa and, thus, need to be 
included in the following tables. 


Priority Levels among the Members of the 
Mesoamerican Herpetofauna 


As noted in the introduction, Johnson et al. (2017) and 
Mata-Silva et al. (2019) developed and utilized a scheme 
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for assigning conservation priority levels to the members 
of the Mexican and Central American herpetofauna. 
Given that the herpetofauna of these two regions has 
increased considerably in size since these papers were 
published, it is necessary to comprehensively summarize 
the current data on the diversity and endemicity of this 
herpetofauna for all of Mesoamerica. 

Thus, Table 2 indicates the diversity of all the 
Mesoamerican herpetofauna to the present day, amounting 
to a total of 70 families (21 amphibian and 49 reptile), 
294 genera (92 amphibian and 202 reptile), and 2,156 
species (834 amphibians and 1,322 reptiles). The number 
of families was recently augmented by Goicoechea et al. 
(2016), which accomplished the erection of the family 
Alopoglossidae to include the genera A/opoglossus and 
Ptychoglossus, the latter of which contains, among others 
in South America, three species that occupy Lower Central 
America. The greatest numbers of these taxa at all levels 
belong to the Order Anura among the amphibians and the 
Order Squamata among the reptiles. 

The level of endemicity of the Mesoamerican 
herpetofauna is startling and strongly indicative of a 
global stature for this group of animals in this region. 
The species-level endemicity 1s documented in Table 3. 
The total level of herpetofaunal endemism is at 79.0%, 
meaning that more than three of every four species in the 
region are found nowhere else in the world. Amphibian 
endemicity in Mesoamerica is higher, at 84.2%, than that 
for reptiles, at 75.8%. The amphibian level indicates more 
than eight of every 10 species are endemic to the region; 
while slightly more than three of every four reptile species 
are endemic. Finally, at the ordinal level, the figure for 
salamanders is simply incredible, at 96.0%, indicating 
that for every 100 salamander species, only four are not 
endemic. In addition, the levels of endemicity for both 
anurans and squamates include more than three out of 
every four species (77.9% and 76.8%, respectively). 

As noted above, Johnson et al. (2017) and Mata-Silva 
et al. (2019) constructed a set of conservation priority 
levels for the herpetofaunas of Mexico and Central 
America, respectively. The results of the categorizations 
of these authors, updated to the present time (Table 4), 
indicate that of the 18 recognized priority levels, six are 
allocated to the high EVS priority levels, eight to the 
medium EVS priority levels, and four to the low EVS 
priority levels. In general, the total numbers of species 
allocated to each level decrease precipitously from levels 
one to six among the high EVS levels, and from seven 
to 14 among the medium EVS levels, but this pattern is 
not seen with the few species (eight in total) placed in 
the low EVS levels. This same general pattern is seen 
for both Mexico and Central America, when considered 
individually (although there is but one low EVS species 
in Central America). The total counts for the three EVS 
levels decrease markedly from high (1,253) to medium 
(216) to low (eight). Thus, the high EVS level species 
make up 84.8% (1,253 of 1,477) of the total number 
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Craugastor daryi (Ford and Savage 1984). Ford’s Robber Frog 
has an EVS of 17 (Mata-Silva et al. 2019) and inhabits cloud 
forest at elevations of 1,500—2,290 m in the Sierra Xucaneb 
and Sierra de las Minas in central Guatemala (Frost 2019). This 
individual was found at Purulha, Baja Verapaz, Guatemala. 
Photo by Andres Novales. 


The Omoa Bromeliad Frog has an EVS of 20 (Mata-Silva et 
al. 2019), which lies at the upper limit of the range of values 
for this conservation measure. It was described from the 
visitors’ center in Parque Nacional El Cusuco in northwestern 
Honduras, one of the most significant areas of herpetofaunal 
endemicity in the country (Townsend and Wilson 2008). This 
individual came from Parque Nacional Cusuco, Honduras. 
Photo by Andres Novales. 


: a ae 
Dendropsophus sartori (Smith 1951). Taylor’s Yellow Treefrog 
has an EVS of 14 (Johnson et al. 2017) and a distribution 
encompassing the “Pacific slopes of southwestern Mexico 
(Jalisco to Oaxaca)” (Frost 2019). These individuals were 
found in the Municipality of San Juan Lachao, Oaxaca, Mexico. 


Photo by Vicente Mata-Silva. 
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Eleutherodactylus syristes Hoyt 1965. The Piping Peeping Frog 
has an EVS of 16 (Johnson et al. 2017) and occupies the “‘pine- 
oak woodland on the Pacific slopes of the Sierra de Miahuatlan 
and Mixteca Alta, Oaxaca, east into the Sierra Madre del Sur of 
Guerrero, Mexico” (Frost 2019). This individual was located in 
the Municipality of San Juan Lachao, Oaxaca, Mexico. Photo 
by Vicente Mata-Silva. 


Charadrahyla_ sakbah_ Jiménez-Arcos, Calzada-Arciniega, 
Alfaro-Juantorena, Vazquez-Reyes, Blair, and Parra-Olea 
2019. This recently-described hylid frog has an EVS of 15 
(Table 1) and is restricted to cloud forest in the western portion 
of the Sierra Madre del Sur of Oaxaca, Mexico, an area of 
high herpetofaunal endemicity (Mata-Silva et al. 2015b). This 
individual is from Rio Chite ku’e (Rio de las Mil Cascadas), 
San Isidro Paz y Progreso, Santa Maria Yucuhiti, Oaxaca. 
Photo by Victor H. Jiménez-Arcos. 


fr + 
Plectrohyla dasypus McCranie and Wilson 1981. The Cusuco 
Spotted Treefrog has an EVS of 14 (Mata-Silva et al. 2019) 
and occurs in cloud forest at elevations of 1,300—1,990 m in 
the Sierra de Omoa of northwestern Honduras (Townsend 
and Wilson 2008). This individual was encountered at Parque 
Nacional Cusuco, Honduras. Photo by Andres Novales. 
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Table 1. Mesoamerican herpetofaunal species described or elevated to species level since Johnson et al. (2017) and Mata-Silva et 
al. (2019), along with their places of publication, physiographic region(s), EVS calculations, and conservation priority levels. The 
abbreviations for regions involved are as follows: BC = Baja California and adjacent islands; NB = Northern Plateau Basin and 
Ranges; SD = Sonoran Desert basins and ranges; MC = Mesa Central; SC = Pacific lowlands from Sonora to western Chiapas, 
including the Balsas Basin and Central Depression of Chiapas; OC = Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = 
Atlantic lowlands from Tamaulipas to Tabasco; YP = Yucatan Platform; SU = Sierra Madre del Sur; GCR = Pacific lowlands from 
southeastern Guatemala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras; CRP 
= Isthmian Central American highlands; CG = western nuclear Central American highlands; HN = eastern nuclear Central American 
highlands; CP = Pacific lowlands from central Costa Rica through Panama; NP = Caribbean lowlands from Nicaragua to Panama; 
and EP = eastern Panamanian highlands. 


—S— eee ian se level 
| Craugastor aenigmaticus aenigmaticus Arias et fAriasetal.2018 2018 | S+844=17 17 
ee 
[crag costae __[Mecranie2oie ‘| _uN | ever [one 
22. ee ae Ce 


CG, HN, GH, Occupies =a be- 
Sceloporus olloporus Solis-Zurita et al. 2019 ee NP 5+1+3=9 See 17 and 18 


| Sceloporus schmidti schmidti |McCranie2018 2018 | S+743=15 15 
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Table 1 (continued). Mesoamerican herpetofaunal species described or elevated to species level since Johnson et al. (2017) and 
Mata-Silva et al. (2019), along with their places of publication, physiographic region(s), EVS calculations, and conservation priority 
levels. The abbreviations for regions involved are as follows: BC = Baja California and adjacent islands; NB = Northern Plateau 
Basin and Ranges; SD = Sonoran Desert basins and ranges; MC = Mesa Central; SC = Pacific lowlands from Sonora to western Chi- 
apas, including the Balsas Basin and Central Depression of Chiapas; OC = Sierra Madre Occidental; OR = Sierra Madre Oriental; 
TT = Atlantic lowlands from Tamaulipas to Tabasco; YP = Yucatan Platform; SU = Sierra Madre del Sur; GCR = Pacific lowlands 
from southeastern Guatemala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras; 
CRP = Isthmian Central American highlands; CG = western nuclear Central American highlands; HN = eastern nuclear Central 
American highlands; CP = Pacific lowlands from central Costa Rica through Panama; NP = Caribbean lowlands from Nicaragua to 
Panama; and EP = eastern Panamanian highlands. 


; Physiographic EVS Conservation 
Species References : hs 
region(s) calculations priority level 
, Ramirez-Reyes and Flores- = 
, Ramirez-Reyes and Flores- E 
ole Ramirez-Reyes and Flores- 7 
Ramirez-Reyes and Flores- a 
Ramirez-Reyes and Flores- SC 6+843<17 One 


Villela 2018 
Plestiodon lotus 
Aristelliger nelsoni 


: 
Lepidophyma inagoi Palacios-Aguilar et al. 2018 


Phyllodactylus rupinus 


Lampropeltis greeri 
Lampropeltis leonis 


Sonora annulata Cox et al. 2018 3+74+5=15 
Sonora cincta Cox et al. 2018 2+74+5=14 


Sonora episcopa Cox et al. 2018 3+7+3=13 
Sonora fasciata Cox et al. 2018 5+8+5=18 


Sonora straminea 


: 

: 

: 

: 

: 

Chersodromus australis 
; 

: 


Sonora punctatisima Cox et al. 2018 2+8+3=13 


Rhadinella dysmica 6+8+2=16 


Salvadora gymnorhachis Hernandez-Jiménez et al. 2019 5+8+4=17 
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Plectrohyla exquisita McCranie and Wilson 1998. The Cusuco 
Giant Treefrog has an EVS of 15 (Mata-Silva et al. 2019) and 
is distributed from 1,430—1,780 m in cloud forest in the Sierra 
de Omoa in northwestern Honduras (Townsend and Wilson 
2008). This individual was found at Parque Nacional Cusuco, 
Honduras. Photo by Andres Novales. 


j > SAS 
Bolitoglossa chinanteca Rovito, Parra-Olea, Lee, and Wake 
2012. The Chinanteca Salamander has an EVS of 18 (Johnson 
et al. 2017) and a distribution within the Sierra Juarez of 
Oaxaca, Mexico (Frost 2019). This individual was encountered 
in the Municipality of San Felipe Usila, Oaxaca, Mexico. Photo 
by Vicente Mata-Silva. 


Bolitoglossa oaxacensis Parra-Olea, Garcia-Paris, and Wake 
2004. The Atoyac Salamander has an EVS of 17 (Johnson et al. 
2017) and is distributed in “humid oak-pine forest in the Sierra 
Madre del Sur, specifically from the mountains south of Sola de 
Vega, to immediately south of the Atoyac River Basin, in the 
vicinity of Puerto Portillo, Oaxaca, Mexico” (Frost 2019). This 
individual was encountered in the Municipality of Santa Catarina 
Juquila, Oaxaca, Mexico. Photo by Vicente Mata-Silva. 
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Quilticohyla acrochorda (Campbell and Duellman 2000). The 
Warty Mountain Stream Frog has an EVS of 14 (Johnson et al. 
2017) and ranges “at elevations from 594—900 m on the Atlantic 
slopes of the Sierra Juarez [sic], Oaxaca, Mexico” (Frost 2019). 
This individual was found in the Municipality of San Felipe 
Usila, Oaxaca, Mexico. Photo by Vicente Mata-Silva. 


Bolitoglossa conanti McCranie and Wilson 1993. Conant’s 
Mushroomtongue Salamander has an EVS of 16 (Mata-Silva et 
al. 2019) and is found at moderate and intermediate elevations 
of 1,370-—2,000 m in cloud forest on both versants from 
northwestern Honduras to extreme northwestern El Salvador, 
as well as adjacent eastern Guatemala (Townsend and Wilson 
2008; Frost 2019). This individual was encountered at La 
Union, Zacapa, Guatemala. Photo by Andres Novales. 


Bolitoglossa helmrichi (Schmidt 1936). The Coba 
Mushroomtongue Salamander has an EVS of 16 (Mata-Silva 
et al. 2019) and ranges in southwestern Alta Verapaz and Baja 
Verapaz, Guatemala, at elevations of 1,000—2,000 m (Frost 
2019). This individual was found at Purulha, Baja Verapaz, 
Guatemala. Photo by Andres Novales. 
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Table 1 (continued). Mesoamerican herpetofaunal species described or elevated to species level since Johnson et al. (2017) and 
Mata-Silva et al. (2019), along with their places of publication, physiographic region(s), EVS calculations, and conservation priority 
levels. The abbreviations for regions involved are as follows: BC = Baja California and adjacent islands; NB = Northern Plateau 
Basin and Ranges; SD = Sonoran Desert basins and ranges; MC = Mesa Central; SC = Pacific lowlands from Sonora to western Chi- 
apas, including the Balsas Basin and Central Depression of Chiapas; OC = Sierra Madre Occidental; OR = Sierra Madre Oriental; 
TT = Atlantic lowlands from Tamaulipas to Tabasco; YP = Yucatan Platform; SU = Sierra Madre del Sur; GCR = Pacific lowlands 
from southeastern Guatemala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras; 
CRP = Isthmian Central American highlands; CG = western nuclear Central American highlands; HN = eastern nuclear Central 
American highlands; CP = Pacific lowlands from central Costa Rica through Panama; NP = Caribbean lowlands from Nicaragua to 
Panama; and EP = eastern Panamanian highlands. 


J Physiographic EVS Conservation 
Species References ; ; aw 
region(s) calculations priority level 


Crotalus polisi Meik et al. 2018 6+8+5=19 
Crotalus thalassoporus Meik et al. 2018 i sBei s © 6+8+5=19 | One 


GCR, GH, HN, 
Kinosternon albogulare McCranie 2018 ae YP. NP 5+4+3=12 


Lopez-Luna etal. 2018 eer. | 


of Mesoamerican endemic species, the medium EVS in Table 1 of this paper, as discussed above, will prove 
species comprise 14.6%, and the low EVS species 0.5%. — the most challenging to protect in perpetuity, especially 
Therefore, it is abundantly clear that an impressive as they make up 65.7% of the Mesoamerican endemic 
proportion of the Mesoamerican endemic species are species. This challenge will become increasingly 
allocated to the high EVS category of conservation daunting, inasmuch as most species described as new 
priority levels. Beyond this simple observation, it is to science will require placement in the priority level 
additionally evident that the conservation priority level | one category due to their limited distribution as initially 
one species, amounting to 971 species, constitute by far | understood, as well as perhaps thereafter, and their 
the most numerous and most sizable proportion (65.7%) expectedly high EVS levels. The data in Table 1 support 
category of all the 18 levels recognized by Johnson et __ this contention. 
al. (2017) and Mata-Silva et al. (2019). This trend is As an initial step in the analysis in this paper, lists 
continuing with the species described since these two _ of the priority level one species for Mexico (Table 5) 
papers were published (Table 1), and is expected to and for Central America (Table 6) were compiled. Slight 
continue into the foreseeable future. corrections in the data provided by Johnson et al. (2017) 
and Mata-Silva et al. (2019) were necessary, due to some 
Priority Level One Species: the Most Challenging _ initial errors and information resulting from new taxa 
to Protect descriptions and resurrections (as documented in Table 
1). The resulting lists include 526 priority level one 
In our opinion, the priority level one species identified species known from Mexico and 445 known from Central 
by Johnson et al. (2017), Mata-Silva et al. (2019), and America (with one species in the latter group having an 


Table 2. Diversity of the Mesoamerican herpetofauna at familial, generic, and specific levels (based on Taxonomic List at http:// 
mesoamericanherpetology.com; accessed 15 November 2019). 


Orders Families Genera Species 
Anura 15 68 517 
Caudata 4 20 301 
Gymnophiona 2 4 16 
Amphibian totals 21 92 834 
Crocodylia 2 2 3 
Squamata 37 181 1,261 
Testudines 10 19 58 
Reptile totals 49 202 1,322 
Sum totals 70 294 2,156 
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Bolitoglossa TT asoulenecr 1896). ” The iar Palma Cryptotriton veraepacis Lynch and Wake 1978. The Baja 
Salamander has an EVS of 15 (Mata-Silva et al. 2019) and Verapaz Salamander has an EVS of 17 (Mata-Silva et al. 2019) 
occurs at elevations of 1,245—2,900 m in “humid lower montane and is found at elevations of 1,610—2,290 m in the Sierra de 
and montane zones and marginally into the premontane belt las Minas and nearby mountains of eastern Guatemala (Frost 
on both slopes of the Cordillera de Guanacaste, Cordillera 2019). This individual was encountered at Purulha, Baja 
de Tilaran, Cordillera Central, and their outliers in central Verapaz, Guatemala. Photo by Andres Novales. 

to northern Costa Rica” (Frost 2019). This individual was 
observed at Cerro de la Muerte, Provincia de Cartago, Costa 
Rica. Photo by Louis W. Porras. 


GE) ah 


i, 


ms 2 ee <2 nies t- ee 
Pseudoeurycea cochranae (Taylor 1943). Cochran’s False Pseudoeurycea conanti ti Bogert 1967. Conant’s Salamander has 
Brook Salamander has an EVS of 17 (Johnson et al. 2017) an EVS of 16 (Johnson et al. 2017) and is known only from 
and is distributed in pine and pine-oak forest at elevations of | a few localities in southern Oaxaca, Mexico (Bogert 1967; 
2,200—2,700 m in the mountains of central and western Oaxaca, Parra-Olea et al. 1999; Mata-Silva et al. 2015a, 2017). This 
Mexico (Frost 2019). This individual was found at Santiago individual was observed in the Municipality of Villa Sola de 
Tenango, Oaxaca, Mexico. Photo by César Mayoral Halla. Vega, Oaxaca, Mexico. Photo by Vicente Mata-Silva. 


Proubeuveca mixteca Canseco- -Marquez and Gutiérrez- eee Boned Hanken and Wake 1994, The Boral Thorius 
Mayén 2005. This salamander has an EVS of 17 (Johnson has an EVS of 18 (Johnson et al. 2017) and is known only from 
et al. 2017) and is distributed in “the Mixteca Alta region __ the vicinity of the type locality at elevations of 2,800-3,000 m 
of northwestern Oaxaca”...and at an “isolated relict cave in pine-oak forest both north and south of the summit of Cerro 
locality in the arid Tehuancan Valley, Puebla” (Frost 2019). Pelon in the Sierra Juarez of Oaxaca, Mexico (Frost 2019). This 
This individual was photographed at Teposcoulula, in the individual was located at Llano de las Flores, municipality of 
municipality of the same name, Oaxaca, Mexico. Photo by San Juan Atepec (Sierra de Juarez), Oaxaca, Mexico. Photo by 
Bruno Téllez Bafios. Vicente Mata-Silva. 
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Table 3. Degree of endemism of the Mesoamerican herpetofauna at the ordinal level and above. The figures represent the combination 
of those for distributional categories 1, 2, and 4 of Wilson et al. (2017), as updated with data from the Mesoamerican Herpetology 
Taxonomic List (http://mesoamericanherpetology.com; accessed 15 November 2019). 


Ordinal levels : 
Total number of species 


and above 
Anura 517 
Caudata 301 
Gymnophiona 16 
Amphibian totals 834 
Crocodylia 3 
Squamata 1,261 
Testudines 58 
Reptile totals 1,322 
Sum totals 2,156 


imprecisely known distribution). Thus, the total number 
of such species for Mesoamerica is 971. 

The 971 priority level one species represent 45.0% of 
the 2,156 species currently reported from Mesoamerica 
(http://mesoamericanherpetology.com; accessed 9 
November 2019). Of the 835 endemic species in Mexico 
(Johnson et al. 2017; http://mesoamericanherpetology. 
com; Table 4), the 526 priority level one species for this 
country is 63.0% of the total; and for Central America, 
the comparable figures are 642, 445, and 69.3% (Mata- 
Silva et al. 2019; http://mesoamericanherpetology.com; 
Table 4). The total of the species endemic to Mexico and 
Central America is 1,477, so the 971 priority level one 
species constitute 65.7% of that total (Table 4). 

The data in Tables 5 and 6 are summarized by 
physiographic region in Table 7. Three regions (WGN, 
CGU, and YP) that overlap Mexico and Central America 
represent the combined data for these regions from 


Number of endemic species 


Percentage of endemism 


403 77.9 
289 96.0 
10 62.5 
702 84.2 
1 Beye, 
968 76.8 
33 56.9 
1,002 75.8 
1,704 79.0 


Tables 5 and 6. There are priority level one species 
present in 20 of the 21 physiographic regions recognized 
in Mesoamerica (see Tables 5—7), with none occurring in 
the EL region (1.e., the subhumid extratropical lowlands 
of northeastern Mexico). The number of such species in 
each of the 20 regions ranges from one to 149 (mean = 
48.5). The number of species in seven of these 20 regions 
lies above this mean figure, 1.e., the BC (70), MC (60), 
OR (141), SU (107), WN (105), HN (107), and CRP 
(149) regions; while they lie below the mean value 
range, from one to 41, in the remaining 13 regions (Table 
7). The seven high-value regions comprise the peninsula 
of Baja California (BC) and six montane regions in 
the major portion of Mexico (1.e., the Sierra Madre 
Oriental, Mesa Central, and Sierra Madre del Sur) and in 
Central America (the western nuclear Central American 
highlands, eastern nuclear Central American highlands, 
and the Isthmian Central American highlands). 


Table 4. Conservation priortiy list of endemic herpetofaunal species in Mesoamerica based on the EVS categorization and the 
range of physiographic occurrence (data from Johnson et al. 2017 and Mata-Silva et al. 2019, as updated with data from http:// 


mesoamericanherpetology.com; accessed 11 June 2019). 


Priority levels Mexico Central America Totals 
One (High EVS in One Region) 526 445 971 
Two (High EVS in Two Regions) 105 73 178 
Three (High EVS in Three Regions) 32 Ze 5. 
Four (High EVS in Four Regions) 9 21 30 
Five (High EVS in Five Regions) 1 9 10 
Six (High EVS in Six Regions) B 5 
High EVS species totals 675 578 1,253 
Seven (Medium EVS in One Region) a7 28 80 
Eight (Medium EVS in Two Regions) 38 21 59 
Nine (Medium EVS in Three Regions) 28 5 33 
Ten (Medium EVS in Four Regions) 18 5 23 
Eleven (Medium EVS in Five Regions) 5 4 9 
Twelve (Medium EVS in Six Regions) 5 3 8 
Thirteen (Medium EVS in Seven Regions) 1 l 2 
Fourteen (Medium EVS in Eight Regions) l l 2 
Medium EVS species totals 153 63 216 
Fifteen (Low EVS in One Region) 1 — 1 
Sixteen (Low EVS in Three Regions) e, — 2 
Seventeen (Low EVS in Four Regions) 3 — 3 
Eighteen (Low EVS in Six Regions) l l 2 
Low EVS species totals q 1 8 
Sum totals 835 642 1,477 
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Table 5. Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. The 
abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; NB 
= Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; SC 
= Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = Sierra 
Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los Tuxtlas; 
SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Table 5 (continued). Distribution of the 529 priority level one herpetofaunal species in Mexico, among 14 physiographic regions. 
The abbreviations for regions are as follows: BC = Baja California and adjacent islands; SD = Sonoran Desert basins and ranges; 
NB = Northern Plateau basins and ranges; MC = Mesa Central; EL = subhumid extratropical Lowlands of northeastern Mexico; 
SC = Pacific lowlands from Sonora to western Chiapas, including the Balsas Basin and Central Depression of Chiapas; OC = 
Sierra Madre Occidental; OR = Sierra Madre Oriental; TT = Atlantic lowlands from Tamaulipas to Tabasco; LT = Sierra de Los 
Tuxtlas; SU = Sierra Madre del Sur; YP = Mexican portion of Yucatan Platform; WN = Mexican portion of western Nuclear Central 
American highlands; and CGU = Mexican portion of Pacific lowlands from eastern Chiapas to south-central Guatemala. 
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Evidently, the majority of the priority level one 
species in Mesoamerica are distributed in the montane 
regions. Although the entire peninsula of Baya California 
is included in our analysis, this long, thin extension of the 
North American continent encompasses a “dramatically 
sculpted topography [consisting of] a series of mountain 
ranges, known collectively as the Peninsular Ranges, that 
run nearly uninterrupted from its northern border to the 
Isthmus of La Paz” (Grismer 2002). In total, of the 970 
priority level one species in Mesoamerica (excluding 
Amereega maculata, known from an imprecise type 
locality, located somewhere in Panama; Kohler 2011), 
739 or 76.2% occur in seven of the 20 total regions. 
The other 13 regions are occupied by the remaining 
231 (23.8%) priority level one species. Based on these 
figures, the protection of the priority level one species 
in Mesoamerica obviously has to be centered in the 
montane regions, as opposed to lowland regions on 
either the Atlantic or Pacific versants. This conclusion, 
however, does not discount the importance of protecting 
lowland priority level one species, especially as these are 
the areas in which the majority of the human population 
lives, and one of the seven high-value regions comprises 
the Baja California Peninsula and its associated islands. 


Physiographic Distribution of the Priority Level 
One Species: a Closer Look 


The data summarized in Table 7 can be examined in 
more detail at the familial and ordinal levels. Most 
priority level one Mesoamerican anurans (194 of 221 
total species, or 87.8%) are in families Bufonidae (18 
species), Craugastoridae (76), Eleutherodactylidae (31), 
and Hylidae (69). One-half of the bufonid species (nine 
of 18) and both of the two centrolenid species are found 
in the CRP region. The craugastorid priority level one 
species are most often (63 of 76 species, or 82.9%) 
distributed in montane regions in Mesoamerica, including 
the OR, SU, WN, HN, and CRP. The dendrobatid 
species are limited to the four Lower Central American 
regions (CRP, EP, NP, and CP) and more or less evenly 
distributed between the highland and lowland regions 
therein (four in the CRP and EP regions vs. five in the 
NP and CP regions; as noted elsewhere the dendrobatid 
Amereega maculata is unknown from any specific 
locality). The eleutherodactylid anurans are almost all 
(30 of 31 species, 96.8%) distributed in highland regions, 
with one exception in the NP region. Most of the hylid 
taxa (60 of 69 species, 87.0%) are found in highland 
regions in Mesoamerica. Three families with single 
species represented are found in one highland (HN) and 
two lowland (NP and CP) regions. Finally, all but one of 
the ranid frogs are distributed in montane physiographic 
regions. Of the 221 priority level one anurans, 188 
(85.1%) are distributed in the nine montane regions in 
Mesoamerica. Most of the salamanders in Mesoamerica 
(228 of 238 species, 95.8%) belong to family 


Amphib. Reptile Conserv. 


98 


Plethodontidae. Nonetheless, considered as a whole, 
this group of amphibians has the greatest representation 
in the nine Mesoamerican montane regions, 1.e., 224 of 
238 species (94.1%). Interestingly, the few priority level 
one caecilians are represented in both highland (two in 
CRP) and lowland regions (three in CP). Considering 
amphibians as a whole, of the 464 priority level one 
species, 414 (89.2%) are restricted to the nine montane 
regions; in contrast, 50 priority level one species (10.8%) 
are found in the 11 lowland regions. 

Among the Mesoamerican priority level one 
squamates, most taxa are in the families Anguidae (53 
species), Dactyloidae (73), Phrynosomatidae (52), 
Teiidae (20), Colubridae (53), Dipsadidae (101), and 
Viperidae (36), or 388 of 494 total species (78.5%). The 
two species of priority level one bipedid amphisbaenians 
occupy one in each of the BC and SC regions in western 
Mexico (note, the entire family Bipedidae comprises 
only three species, all of which are endemic to Mexico). 
Of the 53 priority level one species in family Anguidae, 
most (46 or 86.8%) are distributed among all nine of 
the Mesoamerican highland regions, with the highest 
number (14) occupying the WN region; in addition to 
three species in the BC region, two in the NB region, 
and one each in the NP and CP regions. Three priority 
level one species belong to the family Crotaphytidae, all 
of which are confined to non-montane regions in Mexico. 
Of 73 species of priority level one in family Dactyloidae, 
62 (84.9%) are found in six of the nine Mesoamerican 
highland regions. The single priority level one eublepharid 
gecko is in the BC region. The single priority level one 
gymnophthalmid lizard is in the lowland CP region. The 
priority level one lizards of family Iguanidae almost all 
depart from the typical pattern of majority representation 
in highland regions, in that 11 of 12 (91.7%) species are 
found in the lowland regions of Mesoamerica (BC, SC, 
and GH); only one species is found in the WN region; 
however, it is within the interior dry Motagua Valley. 
Similarly, the three species of mabuyid skinks are found 
in two lowland regions (GH and NP). The 52 priority 
level one phrynosomatid species are limited primarily 
in their distributions to Mexico (with two exceptions in 
the HN region) with broad distribution in both lowland 
(25 species in BC, SD, NB, SC, and YP) and highland 
regions (27 in MC, OC, OR, SU, and HN). The geckos 
of family Phyllodactylidae also depart from the usual 
pattern of high representation in the Mesoamerican 
highlands, in that 16 of the 17 priority level one species 
(94.1%) are located in the BC, SC, and GH lowland 
regions. Most (four) of the six species of priority level 
one scincid lizards are distributed in three highland 
regions (MC, OC, and SU). The sphaerodactylid geckos 
are also poorly represented in highland regions, with 
nine of 11 species (81.8%) found in the GH, NP, and CP 
regions in Central America. The sphenomorphid skinks 
are poorly represented among the priority level one 
Species, with one species found in each of the NB and 
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Thorius narisovalis Taylor 1940. The Upper Cerro Pigmy 
Salamander has an EVS of 17 (Johnson et al. 2017) and is 
known only from three areas in Oaxaca, Mexico, including the 
vicinity of the type locality on Cerro San Felipe, the vicinity of 
Zaachila in central Oaxaca, and the vicinity of Tlaxiaco (Frost 
2019). This individual was observed at La Cumbre de Ixtepeji, 
Oaxaca, Mexico. Photo by César Mayoral Halla. 


: fas ant a ie SP Bak oe | 
Abronia montecristoi Hidalgo 1983. The Cerro Montecristo 
Arboreal Alligator Lizard has an EVS of 17 (Mata-Silva et al. 
2019) and is found at moderate and intermediate elevations 
of the Pacific versant of northwestern El Salvador and on the 
Atlantic versant of western Honduras (McCranie 2018). This 
individual was encountered at Zacate Blanco, Departamento de 


Intibuca, Honduras. Photo by Louis Porras. 


Celestus montanus Schmidt 1933. The Mountain Lesser 
Galliwasp has an EVS of 15 (Mata-Silva et al. 2019) and occurs 
at moderate and intermediate elevations of the Atlantic versant 
in northwestern Honduras and in adjacent eastern Guatemala 
(McCranie 2018). This individual was observed at Santa Elena, 
Departamento de Cortés, Honduras. Photo by Louis Porras. 


we 
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Abronia 
Arboreal Alligator Lizard has an EVS of 18 (Johnson et al. 
2017) and is limited in distribution to the Montafias y Valles 
del Occidente region of western Oaxaca, as well as in central 
Guerrero, Mexico. This individual was observed at the type 
locality (El Tejocote, Etla) in the Mixteca region of Oaxaca, 
Mexico. Photo by Eli Garcia Padilla. 


mixteca Bogert and Porter 1967. The Mixtecan 
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Celestus bivittatus (Boulenger 1895). This terrestrial anguid 
lizard has an EVS of 15 (Mata-Silva et al. 2019) and is found 
at moderate and intermediate elevations on the Atlantic versant 
of eastern Guatemala and on both versants from southwestern 
Honduras to northwestern Nicaragua (McCranie 2018). This 
individual was located at 13.3 km WNW of La Esperanza, 


Departamento de Intibuca, Honduras. Photo by Louis Porras. 
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Gerrhonotus mccoyi Garcia-Vazquez, Contreras-Arquieta, 
Trujano-Ortega, and Nieto-Montes de Oca 2018. This 
alligator lizard has an EVS of 17 (Table 1) and is limited in 
distribution to the Cuatrociénegas Basin in Coahuila, México 
(Reptile Database, http://reptile-database.org; accessed 26 May 
2019). This individual was photographed at Poza Churince, 
municipality of Cuatrocienegas, Coahuila, Mexico. Photo by 


Uri Omar Garcia-Vazquez. 
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Table 6. Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic regions. 
The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to south- 
central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); CRP 
= Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guatemala 
to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 


as as [er [er [ve | on | np [cou oar] 
CE OC 
TBufonidae (2specie) ‘| || |||} ||| 


Incilius epioticus 

Incilius guanacaste 

Incilius holdridgei 

Incilius karenlipsae 

Incilius majordomus 

Incilius periglenes 

Incilius peripatetes 

Incilius porteri 
Centrolenidae (2 species) 
Hyalinobatrachium talamancae 
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Craugastoridae (56 species) 
Craugastor adamastus 
Craugastor aenigmaticus 
Craugastor anciano 
Craugastor andi 

Craugastor angelicus 
Craugastor aphanus 
Craugastor azueroensis 
Craugastor blairi 
Craugastor bocourti 
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Craugastor cruzi 
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Perspective: Conserving priority level one endemic species 


Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Perspective: Conserving priority level one endemic species 


Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 


Physiographic regions of Central America 


al a 
= = 
al 
ln, 
—4/-—t 
— 
a 
[rl 
_— — 
is 
Lae 
[omer | aeel 
=| 
= i 
i 
= = 
aie 
=e 
| sei | 
ey 
Lot? 
— 
iL 2_t 
=a 
ie 
Lea | 
= 
lio 
=I 
| 
— I 
Lat 
a el 
=| = 
et |r| 
a |p ee 
—i|— 
= 
el el 


GCR 
Zz 
ai 
et mel 
Pl 
Sn 
a 
i a 
el ee! 
i ll) 
a 
= 
a _| 
=a 
= a 
; te 
=| 
a 
a ee 
Leel | Sol 
Lacs 
IE Sle all 
1 3 | 
[ an al 
a 
=a 
ee ea 
— | 
Fo | 
= Ss 
Esl 
1 3 | 
[| el 
= 
aaa 
| a 
it 
—=j|—— f 
== 
== | 


Amphib. Reptile Conserv. 103 June 2020 | Volume 14 | Number 2 | e240 


Garcia-Padilla et al. 


Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Perspective: Conserving priority level one endemic species 


Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Perspective: Conserving priority level one endemic species 


Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 


Physiographic regions of Central America 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Dendrophidion crybelum 
Dendrophidion paucicarinatum 
Oxybelis wilsoni 

Tantilla albiceps 

Tantilla bairdi 

Tantilla berguidoi 
Tantilla gottei 

Tantilla hendersoni 
Tantilla lempira 

Tantilla olympia 

Tantilla psittaca 

Tantilla stenigrammi 


Tantilla tecta 


Geophis downsi 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 
Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 
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Table 6 (continued). Distribution of the 444 priority level one herpetofaunal species in Central America among 10 physiographic 
regions. The abbreviations for regions are as follows: CGU = Central American portion of Pacific lowlands from eastern Chiapas to 
south-central Guatemala; CP = Pacific lowlands from central Costa Rica through Panama (area includes associated Pacific islands); 
CRP = Isthmian Central American highlands; EP = highlands of eastern Panama; GCR = Pacific lowlands from southeastern Guate- 
mala to northwestern Costa Rica; GH = Caribbean lowlands of eastern Guatemala and northern Honduras (area includes associated 
Caribbean islands); HN = eastern nuclear Central American highlands; NP = Caribbean lowlands from Nicaragua to Panama (area 
includes associated Caribbean islands); WN = Central American portion of western nuclear Central American highlands; and YP = 


Central American portion of Yucatan Platform. ? = species known only from indeterminate type locality. 


Taxa 


Typhlopidae (1 species) 
Typhlops tycherus 
Viperidae (11 species) 
Atropoides indomitus 
Bothriechis guifarroi 
Bothriechis lateralis 
Bothriechis marchi 
Bothriechis nigroviridis 
Bothriechis nubestris 
Bothriechis thalassinus 
Cerrophidion sasai 
Cerrophidion wilsoni 
Porthidium porrasi 
Porthidium volcanicum 
Squamate totals 
Testudines (1 species) 
Kinosternidae (1 species) 
Kinosternon angustipons 
Turtle totals 

Reptile totals 
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Herpetofaunal totals 
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Ps oe NT 
[Typhlopidae (1 species) | 
[Tiphlops weheruws | 
[Viperidae (I species) | 
[Atropoides indomitus | 
[Bothriechis guifarroi | 
[Bothriechis lateralis | 
[Bothriechismarchi | 
[Bothriechis nigroviridis | 
[Bothriechis nubestris | 
[Bothriechis thalassinus | 
[Cerrophidionsasai | 
[Cerrophidion wilsont | 
[Porthidium porrass | 
[Porthidium voleanicum | 
[Squamatetotals | 19 
[Testudines (I species) | 
[Kinosternidae (1 species) | 
[Kinosternon angustipons | 
fTurtletotals | 
Reptiletotals 
[Herpetofaunal totals | 


NP regions in Mexico and Central America, respectively. 
The priority level one teiid lizards are another group of 
largely lowland-occurring species, with 18 of 20 species 
(90.0%) occupying the BC, SC, YP, NP, and CP regions. 
The xantusiid lizards are distributed in both lowland (six 
species in BC, SD, NB, and SC) and highland regions 
(nine species in MC, OR, SU, and WN). The priority 
level one xenosaurid lizards are found only in highland 
regions (OR, LT, SU, and WN), primarily in Mexico. The 
single charinid boa is found in OR, a highland region in 
Mexico. The 53 priority level one colubrid snakes have 
significant representation in both highland (29 species 
or 54.7% in MC, OC, OR, LT, SU, WN, HN, CRP, and 
EP) and lowland regions (24 species or 45.3% in BC, 
SC, TT, YP, GH, NP, and GCR). The squamate family 
with the largest representation is the Dipsadidae, with 
101 species; 77 of which (76.2%) are found in the nine 
highland regions (MC, OC, OR, LT, SU, WN, HN, CRP, 
and EP); the remaining 24 species (23.8%) occur in 
lowland regions (BC, SC, TT, YP, GH, NP, and CP). The 
Six priority level one elapid species are distributed in both 
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Physiographic regions of Central America 
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lowland (three species in SC, GH, and NP) and highland 
regions (three species in MC, SU, and WN). A similar 
pattern is seen among the leptotyphlopids; with four of 
the six priority level one species in lowland regions (BC, 
YP, GCR, and CP) and two in highland regions (MC and 
HN). The 10 priority level one natricid snake species are 
limited to Mexico, where nine are distributed in highland 
regions (MC, OC, OR, and SU). The single priority level 
one typhlopid snake is found in the HN region. The 
36 priority level one viperid snake species are largely 
represented in highland regions (25 species or 69.4% 
in MC, OC, OR, SU, WN, HN, and CRP), but are also 
fairly well represented in lowland regions (11 species or 
30.6% in BC, SC, YP, CGU, GCR, and CP). Considering 
the squamates as a whole, of the 506 priority level one 
species, 310 (61.3%) are confined to the nine montane 
regions (Table 7). 

Relatively few turtles are included among the priority 
level one species in Mesoamerica. Twelve species are 
represented among four families, the Emydidae (four 
species), Kinosternidae (six), Testudinidae (one), and 
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Mesaspis monticola (Cope 1877). This anguid lizard has an 
EVS of 14 (Mata-Silva et al. 2019) and occurs in “humid areas 
of the upper portions of the lower montane and montane and 
subalpine belits of the cordilleras of Costa Rica and western 
Panama” (Savage 2002: 534). This individual was seen on 
Cerro de la Muerte, Provincia de Cartago, Costa Rica. Photo 
by Louis Porras. 


Norops compressicauda (Smith and Kerster 1955). The 
Malposo Scaly Anole has an EVS of 15 (Johnson et al. 2017) 
and is found in “disjunct populations in eastern Oaxaca and 
western Chiapas, Mexico” (Kohler 2008). This individual was 
photographed in the Zona Sujeta a Conservacién Ecoldgica 
La Pera, in the municipality of Berriozabal, Chiapas, Mexico. 
Photo by Bruno Téllez Bajios. 


Ctenosaura oaxacana Kohler and Hasbun 2001. The Oaxaca 
Spiny-tailed Iguana has an EVS of 19 (Johnson et al. 2017) 
and is restricted in distribution to the Pacific slopes of the 
Isthmus of Tehuantepec, Oaxaca, Mexico (Kohler and Hasbun 
2001). This individual was located at Guiengola, Tehuantepec, 
Oaxaca, Mexico. Photo by César Mayoral Halla. 
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Mesaspis viridiflava (Bocourt 1873). The Dwarf Alligator 
Lizard has an EVS of 16 (Johnson et al. 2017) and is distributed 
Sierra de Juarez. This individual was encountered at La Cumbre 
de Ixtepeji, Oaxaca, Mexico. Photo by César Mayoral Halla. 


Ctenosaura hemilopha (Cope 1863). The Baja California 
Spiny-tailed Iguana has an EVS of 18 (Johnson et al. 2017) 
and “ranges from near Loreto south along the Sierra la Giganta 
to the west coast near Arroyo Seco and throughout the Cape 
Region. In the Gulf of California, C. hemilopha is known only 
from Isla Cerralvo” (Grismer 2002: 117). This individual was 
found in the Municipality of Los Cabos, Baja California Sur, 
Mexico. Photo by Vicente Mata-Silva. 


Ctenosaura palearis Stejneger 1899. The Motagua Spiny- 
tailed Iguana has an EVS of 19 (Mata-Silva et al. 2019) and 
is restricted in distribution to the Motagua Valley of eastern 
Guatemala (Kohler 2003). This individual was encountered at 


El Arenal, Zacapa, Guatemala. Photo by Andres Novales. 
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Trionychidae (one). Unlike the typical pattern among 
most of the other members of the herpetofauna, these 12 
species are all found in lowland regions (NB, SC, YP, 
and NP). 

The overall pattern for the Mesoamerican herpetofauna 
(970 species total) 1s one of major representation in 
the nine highland regions (730 species, 75.3%) versus 
lesser representation in the lowland regions (240 
species, 24.7%). As expected, our closer look at the 
physiographic regional distribution of the priority level 
one herpetofaunal species shows that slightly more than 
three-quarters of them are limited to the highland regions 
in Mesoamerica, whereas slightly less than one-quarter 
are found in lowland regions. 


Taxonomic Representation of the Priority Level 
One Species: a Closer Look 


The numbers of priority level one species per family 
in Mexico and Central America, as well as all of 
Mesoamerica (from Table 7) are summarized in Table 8, 
in order to demonstrate the taxonomic representation at 
this level in these regions. The priority level one species 
in Mesoamerica are allocated to 42 of the 69 families 
(60.9%) represented in the endemic Mesoamerican 
herpetofauna as a whole (Tables 2 and 8). Interestingly, 
more than twice as many anuran families are represented 
in Central America than in Mexico (11 vs. five) among 
the 11 families of priority one species occurring in 
Mesoamerica. Nonetheless, the five families occurring 
in Central America that have no priority level one 
representatives in Mexico include only relatively small 
numbers (one to 10, usually only one or two). They 
comprise families with only a few species occurring 
in Mexico (Centrolenidae, Leptodactylidae, and 
Microhylidae) or none at all (Dendrobatidae and Pipidae). 

Two families of salamanders with priority level one 
representatives in Mexico compare to only one in Central 
America; the family Ambystomatidae is distributed no 
farther south than the Mesa Central, where the majority 
of the Mexican diversity in this family is centered 
(Table 5). The other salamander family distributed in 
Mesoamerica is the Plethodontidae, the priority level 
one portion of which is tremendously diverse in both 
Mexico and Central America, although more so in the 
latter region (Table 8). 

No priority level one caecilian species occur in 
Mexico, and this group has only a single endemic species 
(Johnson et al. 2017). In Central America, there are five 
such species representing two families, Caecillidae and 
Dermophidae (Table 8). 

Among Mesoamerican amphibians, a total of 464 
species is allocated to conservation priority level one, 
including 203 from Mexico (43.8%) and 261 from 
Central America (56.3%). 

Relatively few Mesoamerican turtles qualify as 
priority one species (Johnson et al. 2017; Mata-Silva et 
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al. 2019). Most of these turtles are endemic to Mexico 
(11 of 12; 91.7%), and most belong to families Emydidae 
and Kinosternidae (10 of 12; 83.3%). The other families 
represented by one species each are the Testudinidae and 
Trionychidae. 

The other priority level one species of reptiles 
are all squamates, which comprise 506 of 970 total 
herpetofaunal species (52.2%). These species are 
allocated to 24 of the 36 families with endemic 
representatives in Mesoamerica (66.7%). Of these 24 
families, 16 comprise the amphisbaenians and lizards 
and eight encompass snakes. Of the 16 amphisbaenian/ 
lizard families, the largest numbers of priority level one 
species in Mesoamerica are in Anguidae (53 species), 
Dactyloidae (73), Phrynosomatidae (52), Tetidae (20), 
and Xantusidae (15), for a total of 213 out of 280 
species (76.1%). Of the eight snake families, the greatest 
numbers of such species belong to the Colubridae (53 
species), Dipsadidae (101), and Viperidae (36), for a total 
of 190 out of 214 species (88.8%). 


Can Well-designed Systems of Protected Areas 
Be the Salvation of the Mesoamerican Priority 
Level One Species? 


As noted by Vitt and Caldwell (2009: 379) in their 
superb textbook on herpetology, “conservation biology 
is no longer a fledgling subject.” They pointed out that 
the premier journal in the field, Conservation Biology, 
issued its 101% issue in June 2006. After 33 volumes (as 
of December 2019) this journal’s publication history now 
consists of 182 issues, with six new issues published per 
year by the Society for Conservation Biology. ConBio, 
as it 1s affectionately known, is a successful journal 
with a relatively high impact factor (the 2019 figure 
is 6.194). Vitt and Caldwell (2009) also noted that a 
number of other conservation journals are specific to 
the field of herpetology. They highlighted Amphibian & 
Reptile Conservation, a journal that originated in 1996, 
which now has an Impact Factor of 1.160 (2017 value; 
http://amphibian-reptile-conservation.org; accessed 
19 February 2019). This journal publishes both single 
papers and special issues which focus specifically on 
conservation issues, such as the first paper published in 
2019 on the endemic herpetofauna of Central America 
(Mata-Silva et al. 2019) and a special issue on the 
amphibians of Venezuela. Vitt and Caldwell (2009) also 
discussed a number of other sources of information on the 
conservation of amphibians and reptiles. Herpetological 
Conservation and Biology, now in its 15" year of 
existence, is another prominent conservation journal. 

So, with the plethora of journals focused specifically on 
conservation (and even on herpetological conservation), 
it would appear that there is no shortage of interest in 
addressing the conservation needs of these organisms. 
Nonetheless, Vitt and Caldwell (2009: 379) stated: 
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Families 
Centrolenidae 
Craugastoridae 
Dendrobatidae 
Eleutherodactylidae 
Hemiphractidae 
Leptodactylidae 
Microhylidae 
Pipidae 
Ranidae 
Anuran totals 
Ambystomatidae 
Plethodontidae 
Salamander totals 
Caeciliidae 
Dermophidae 
Caecilian totals 
Amphibian totals 
Bipedidae 
Anguidae 
Crotaphytidae 
Eublepharidae 
Gymnophthalmidae 
Mabuyidae 
Phrynosomatidae 
Phyllodactylidae 
Scincidae 
Sphaerodactylidae 
Sphenomorphidae 
Xantusiidae 


Tables 7. Distributional summary of herpetofaunal families containing conservation priority level one species in Mesoamerica, among 21 physiographic regions. The first 14 regions are in 
Mexico, with the remainder in Central America, and WN, CGU, and YP are represented in both regions. One dendrobatid species has an uncertain type locality (see Table 6). See Tables 5 and 
31 
3 


6 for explanations of abbreviations. 
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Charinidae 
Colubridae 
Dipsadidae 
Leptotyphlopidae 
Viperidae 
Squamate totals 
Kinosternidae 
Testudinidae 
Trionychidae 


regions are in Mexico, with the remainder in Central America, and WN, CGU, and YP are represented in both regions. One dendrobatid species has an uncertain type locality (see Table 6). See 
Natricidae 


Tables 5 and 6 for explanations of abbreviations. 
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Tables 7 (continued). Distributional summary of herpetofaunal families containing conservation priority level one species in Mesoamerica, among 21 physiographic regions. The first 14 
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506 
970 


Reptile totals 


Herpetofaunal totals 


116 


“Yet, in spite of all the successes, conservation 
biology has not achieved what its practitioners hold 
most dearly: the reversal of the tremendous loss of 
biodiversity, natural habitats, and even ecosystems that 
is occurring unabated throughout the world. Although 
we can find local success stories, and these should 
be applauded, the overall picture for most groups of 
plants and animals is a steady decline in number of 
individuals and populations and, ultimately, species. 
Thus, the future of conservation biology, and whether 
we are to succeed in reversing the depressing trends 
we see every day, lies in coming to terms with why the 
excellent scientific framework has not translated into 
real-world change and how new paths can be forged 
that will make a real difference.” 


Vitt and Caldwell (2009) followed these straightforward 
statements with an excellent discussion and summary 
of the principles of conservation biology, the human 
impact on amphibian and reptile communities, and the 
ideals and problems associated with preservation and 
management of amphibian and reptile populations. In the 
afterword attached to that chapter in their textbook, these 
authors (p. 408) indicated that “evidence is mounting 
that humans are spending less and less time engaged 
in nature-based recreation” and that this “disconnect 
between humans and nature may well be the world’s 
greatest environmental threat.” 

Commonly considered fundamental to the 
conservation of biodiversity is the erection and 
maintenance of protected areas, presumably in a state as 
close to pristine as is possible at any given point in time. 
A recent paper by Garcia-Bafiuelos et al. (2019) explored 
the extent to which existing protected areas in Mexico 
provide for protection of the plethodontid salamanders 
in the country. As noted above, Mexico is the second 
most important region in the world for salamanders, 
being surpassed only by the United States. In the final 
section of their paper, Garcia-Bafiuelos et al. (2019: 11) 
concluded that 


“In a highly biodiverse and environmentally 
heterogeneous country like Mexico, the number, 
extent, and current location of protected areas are not 
sufficient for harboring all threatened plethodontid 
salamander species [emphasis ours]. Despite 
[that] the proportion of protected space is close to 
international suggestions, almost 40% of threatened 
species do not occur in protected areas. The design of 
a reserve system should consider as a priority criterion 
to include the occurrence of all those species that need 
immediate attention for their protection, specifically 
those species threatened by habitat transformation. 
Areas that contain threatened gap species [those 
species not known to occur within any protected area], 
not only of salamander species but of other threatened 
species, could serve as a guide for the creation of new 
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Salvadora intermedia Hartweg 1940. The Oaxacan Patch-nose 
Snake has an EVS of 16 (Johnson et al. 2017) and “occurs 
south of the Transverse Volcanic Cordillera, ranging at 500 to 
2,700 m elevation from the Sierra Madre del Sur of Guerrero 
through the highlands of Oaxaca and adjacent southern Puebla” 
(Heimes 2016: 150). This individual was located at Santiago 
Tenango, Oaxaca, Mexico. Photo by César Mayoral Halla. 


Tantilla sertula Wilson and Campbell 2000. The Garland 
Centipede Snake has an EVS of 16 (Johnson et al. 2017) and 
occupies the Pacific coastal plain of southwestern Mexico 
from northern Guerrero to southwestern Oaxaca (Heimes 
2016; Rocha et al. 2016). This individual was found in the 
Municipality of Santa Catarina Juquila, Oaxaca, Mexico. Photo 
by Vicente Mata-Silva. 
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Thamnophis lineri Rossman and Burbrink 2005. Liner’s 
Gartersnake has an EVS of 17 (Johnson et al. 2017) and “is 
known only from high elevations (2,670—3,048 m) in the Sierra 
Juarez in north-central Oaxaca” (Heimes 2016: 369) in Mexico. 
This individual was photographed in the Municipality of San 
Juan Atepec, Oaxaca, Mexico. Photo by Vicente Mata-Silva. 
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Sceloporus tanneri Smith and Larsen 1975. Tanner’s Spiny 
Lizard has an EVS of 16 (Johnson et al. 2017) and is restricted 
in distribution to the southern slopes of the Sierra de Miahuatlan 
in Oaxaca, Mexico (Kohler and Heimes 2002). This individual 
was located near the type locality in the vicinity of San Juan 
Lachao, in the municipality of the same name, Oaxaca, Mexico. 
Photo by Eli Garcia Padilla. 


Bey 


Phyllodactylus. delcampoi Mosauer 1936. Del Campo’s 
Leaf-toed Gecko has an EVS of 16 and is distributed in the 
Pacific coastal region of Guerrero, Mexico (Palacios-Aguilar 
and Flores-Villela 2018). This individual was photographed 
at Tierra Colorada, in the municipality of the same name, 
Guerrero, Mexico. Photo by Bruno Téllez Bajios. 
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Table 8. Summary of numbers of priority level one species in Mexico, Central America, and Mesoamerica, arranged by families. 
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reptiles and their natural habitats. The current authors 
have been observing and documenting the herpetofauna 
of the most biodiverse Mexican state (Oaxaca), where the 
social tenure of the land consists of ca. 80% of the state’s 
territory, in which the local communities (especially the 
native indigenous ones) have shown resistance to the 
imposition of the formal model of conservation of the 
biodiversity based on NPAs. They see the NPA system 


protected areas and strengthen the existing reserve 
system. The set of new areas that would help to 
protect threatened species can be a combination of 
different types of governance, where federal, state, 
and municipal governments, as well as community 
and private sectors can be involved in the protection 
of threatened biodiversity.” 


The current study shows a good example of the problems 
that arise when protected areas are established before 
the necessary biotic surveys are completed. Thus, the 
authors noted that 40% (actually 38%) of the threatened 
species (1.e., those placed in the IUCN CR, EN, and VU 
categories) are not found in any of the currently-existing 
protected areas. 

An additional problem related to the formal 
conservation model of Natural Protected Areas in 
Mexico is that a recent tally of 1,609 mining concessions 
have been documented inside their mapping polygons 
(Armendariz-Villegas and Ortiz-Rubio 2015). Thus, 
the credibility or efficiency of this system is highly 
questionable, and they are very possibly ineffective 
in protecting the threatened species of amphibians and 
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as a loss of their autonomy over their legal and ancestral 
territories (which are recognized constitutionally) that 
they have been occupying, in some cases, for more than 
3,000 years (e.g., in the Los Chimalapas region). The 
“Chima” (Zoque) people, whose ancestors are the ancient 
Olmecs, have legally defeated the decree of NPAs inside 
their communal territory. So, they were pioneers in the 
first attempts at developing an alternative community 
conservation program known as “Reserva Ecologica 
Campesina de los Chimalapas” back in 1990 (Garcia- 
Aguirre 2013). In a more recent introspective look at the 
community conservation areas in the mega-diverse state 
of Oaxaca, Galindo-Leal (2010) documented a total of 
more than 192 (2,512 km7’) of these initiatives within the 
Mexican territory and 74 (931.2 km’) inside the Oaxacan 
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territory. 

In a more recent study, Ochoa-Ochoa et al. (2009) 
found that most of the amphibian species of Mexico 
have some portion of their potential ecological niche 
distribution protected, but 20% are not protected at all 
within governmental Natural Protected Areas. Seventy- 
three percent of endemic and 26% of micro-endemic 
amphibians are represented within Social Conservation 
Initiatives (e.g., Community Conservation Areas and 
others); however, 30 micro-endemic species are not 
represented within either governmental NPAs or Social 
Conservation Initiatives. Therefore, this study shows how 
the role of land conservation through social initiatives is 
becoming a crucial element for an important number of 
species that are not protected by governmental NPAs. 

Based on our experiences in the field, we also highly 
support the Community Conservation Areas as a real 
and effective ally for the conservation of amphibian and 
reptile biodiversity. The communities (especially the 
indigenous ones) are doing effective work in protecting 
their territories and natural resources. These social 
initiatives and practices date back many centuries and 
have as their sole purpose the conservation of their 
ecosystems and the protection of biodiversity. The 
statutes of all these communities include conservation 
of the plant cover and their aquiferous mantles, and 
the prohibition of hunting the great majority of animal 
species which inhabit their territory. For these reasons, 
we suspect that the indigenous or native communities 
represent the most effective protectors and guardians of 
the biodiversity, including threatened amphibians and 
reptiles. The members of these communities also have a 
major responsibility to maintain the irreplaceable cultural 
diversity they encompass. 

In addition, we have examined these questions in 
various ways in a number of publications authored 
by one or more of us, beginning with the paper that 
introduced the EVS measure and first used it to assess 
the conservation status of the herpetofauna of Honduras 
(Wilson and McCranie 2004). These authors developed 
this measure to categorize species in the highly diverse 
Honduran herpetofauna (Townsend and Wilson 2010) 
as to their vulnerability to environmental pressures 
based on information available at that time. Basically, 
this measure recognized that the rate of exacerbation of 
environmental damage in Honduras, especially due to 
habitat modification and destruction, far outpaced the 
efforts being undertaken to preserve the herpetofauna of 
the country. Moreover, in that paper the authors stressed 
an easily understood, but seldom implemented, maxim 
of problem solving that “a problem cannot be solved 
by simply treating its symptoms” and further opined 
that “biodiversity decline is a symptom of habitat loss 
and degradation, in turn a symptom of runaway human 
population growth. Uncontrolled population growth is, 
in turn, a symptom of the mismanaged human mind.” 
(Wilson and McCranie 2004: 31). 
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If the goal is to curb biodiversity decline, the 
above paragraph thus indicates that this can only be 
accomplished by treating the problems that give rise to the 
decline, which means ultimately that humans will have to 
confront the fundamental problem of the mismanagement 
of the human mind. What this term signifies, and how it 
came to exist as a problem for humanity, is not likely 
to be understood in even its most basic parameters, 
since most humans operate on the assumption that our 
Species occupies the pinnacle of existence, believing 
that it is our mind that places us in this position. So, a 
term like “mismanagement of the human mind” would 
be counterintuitive to the understanding of most humans. 

Over the years since the publication of Wilson 
and McCranie (2004), one or more of us (along with 
additional co-authors) have returned to the concept 
of the “mismanagement of the human mind” in an 
attempt to expose its underpinnings. We have excavated 
these underpinnings in an initial fashion in a pair of 
recent papers on the endemic herpetofaunas of Mexico 
(Johnson et al. 2017) and Central America (Mata-Silva 
et al. 2019). The title of the former paper encapsulated 
our opinion that the endemic herpetofauna of Mexico is 
composed of “organisms of global significance in severe 
peril.” Johnson et al. (2017: 608) opined that: 


“'..efforts to conserve the endemic elements of the 
Mexican herpetofauna have to be pursued within 
the framework of a set of cascading environmental 
problems of global extent and anthropogenic origin, 
if they are to have a long-lasting impact...What 
makes these problems so intransigent and difficult to 
approach is their widespread connectivity in the natural 
world (..e., all of its components are interrelated by 
energy flow and the cycling of materials), and [that] 
the linear approach often taken by humans to resolve 
these issues can be relatively ineffective, if not 
counterproductive.” 


Johnson et al. (2017: 609) further indicated that: 


“Fundamentally, humans have created and maintain 
these environmental problems because of their 
capacity for rational thought, 1.e., their ability to 
connect cause to effect through the passing of time, and 
adopting an anthropocentric worldview that stresses 
the exploitation of the world’s resources to support 
the burgeoning human population. Such a worldview 
contrasts markedly with that of environmentalists, 
who have adopted ‘a worldview that helps us make 
sense of how the environment works, our place in 
the environment, and right and wrong environmental 
behaviors’ (Raven and Berg, 2004: G-6). Obviously, 
the present anthropocentric worldview held by most 
people represents the fundamental reason why these 
environmental problems exist, and continued human 
population growth allows them to worsen over time.” 
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In the last section of the Johnson et al. (2017: 612) paper, 
these authors conclude that: 


“ [their] opinion is that humans have the rational 
capacity to design a sustainable world through 
cooperative action, but our species’ attitudes and 
actions will have to change. Our preparedness will 
have to improve as well. Such change will have to 
be based on realistic, fact-based appraisals of where 
we are now and where we want to be in the future. 
Biologists will have to commit to helping the rest 
of us understand why the protection of biodiversity 
is critical to enjoying a sustainable world. Cultural 
anthropologists also will have to assist humanity at 
large understand why the maintenance of cultural 
diversity also is essential to living sustainably. 
Educational reform will have to be central to such 
efforts, to help people learn how to think and act 
critically and base decisions on the way things really 
are, and not how we might wish them to be by denying 
reality. The devotion humans have for structuring 
beliefs on little or no evidence, essentially reversing 
the benefit of rationality, will have to surrender to 
critical-thinking education established by top-to- 
bottom educational reform.” 


Mata-Silva et al. (2019) offered a subsequent installment 
of their view of why biodiversity decline is continuing 
to be exacerbated, specifically while considering the 
endemic herpetofauna of Central America. In the title 
of their paper, Mata-Silva et al. (2019: 3) indicated 
that this herpetofauna will become “a casualty of 
anthropocentrism.” These authors picked up on the 
conclusions of Johnson et al. (2017: 613), who stated 
that “the devotion humans have for structuring beliefs on 
the basis of little or no evidence will have to surrender to 
critical-thinking education established by top-to-bottom 
educational reform.” Mata-Silva et al. (2019: 47) went 
on to note that “critical-thinking educational reform, 
however, is much easier to conceive than to bring into 
reality. A fundamental question is why such reform has 
not been undertaken. This question is not easy to answer, 
but perhaps the most fundamental reason is that the 
educational systems currently in existence are products 
of the anthropocentric worldview and reflect its mindsets. 
These educational systems also have developed within 
the current economic systems responsible for the huge 
disparities between the rich and poor, and act to reinforce 
these disparities.” 


These authors concluded that: 
“ ..ultimate solutions will emerge only from a clear 
understanding of the evolution of human psychology, 


as confronted with the problems we face. If not, then 
the endemic herpetofauna of Central America, as 
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well as the remainder of life on Earth, will become 
casualties of the biodiversity crisis that eventually 
will envelop all humanity.” 


Moreover, Mata-Silva et al. (2019: 58) posited that: 


“If there is any merit to [their] hypothesis that 
anthropocentrism is part of a cascade of psychological 
ailments, which extend through ethnocentrism and 
culminate in the narcissistic personality disorder, it 
might predict that the critical-thinking educational 
reform called for by Johnson et al. (2017) will 
have to be recognized as requiring species-wide 
psychotherapy to treat a species-wide mental disease. 
If so, addressing this disease will be the largest 
problem undertaken by humanity during its existence 
on planet Earth.” 


If humanity as a whole is beset with a plethora of 
psychological ailments that are manifested as a cascade 
of centristic forms of thinking, the treatment of which 
will require the creation of an educational system 
essentially constituting species-wide psychotherapy, 
then that therapy will have to be based on a clear 
understanding of why such centristic types of thinking 
have come into existence in the first place and why they 
characterize, in a variety of ways, our entire species. The 
truth of this statement is obvious. Just as the therapy for 
physical ailments has to be based on an understanding 
of the cause(s) of these type of ailments, and the same is 
true of mental ailments, then it is clear that therapy for a 
species-wide psychological ailment will have to depend 
on a full understanding of the parameters of this ailment 
and their origin(s) throughout the chapters of the entire 
evolutionary history of our species on the planet. 

Wilson and Lazcano (2019) recently published an 
essay that attempted to lay out the steps in the historical 
development of the prevailing worldview that is 
responsible for positioning us on the threshold of the 
extinction of our species and much of the rest of life on 
Earth by conscious design. This essay consists essentially 
of a lengthy argument that attempts to outline the steps 
that have led to the evolution of anthropocentrism and 
the other more restricted forms of centristic thinking 
which exist in a cascade extending from ethnocentrism 
to egocentrism. Given the lengthiness of this argument, 
we have to limit our discussion of it to the exposition 
of a series of steps that Wilson and Lazcano (2019) 
posited as a set of hypotheses which require testing 
by psychobiological methods. These authors exposed 
these interconnected steps as follows: (a) the evolution 
of rationality; (b) the origin of self-awareness and the 
awareness of space-time positioning; (c) the creation of 
a fear of the inevitable; (d) the development of a vicious 
cycle of addiction and denial; (e) the manifestation of 
violence of all types and at all levels; and (f) the spread of 
destructive worldviews reinforcing the violence. Wilson 
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Gcopiis sallei Boulenseh 1894. Salle’ S SEAdhenace ee an n EVS 
of 15 (Johnson et al. 2017) and “is known only from a few 
localities in the Sierra Madre del Sur of southern Oaxaca” 
(Heimes 2016: 250) in Mexico. This individual was found in 
the vicinity of San Juan Lachao, in the municipality of the same 
name, Oaxaca, México. Photo by Vicente Mata-Silva. 


Bothriechis guifarroi Townsend, Medina-Flores, Wilson, Jadin, 
and Austin 2013. Guifarro’s Palm-Pitviper has an EVS of 19 
(Mata-Silva et al. 2019) and is restricted in distribution to the 
Refugio de Vida Silvestre of northern Honduras (Townsend 
et al. 2013). This individual was photographed in Refugio de 
Vida Silvestre Texiguat, Departamento de Atlantida, Honduras. 
Photo by Josiah H. Towsend. 


Bothriechis Penis Peters 1863. The side" striped Palm: 
piviper has an EVS of 16 (Mata-Silva et al. 2019) and is found 
at elevations from 700—1,950 m in premontane and lower 
montane zones of the cordilleras of Costa Rica and western 
Panama (Savage 2002). This individual was located at Caragral 
de Acosta, Provincia de San José, Costa Rica. Photo by Louis 
Porras. 


Bothriechis thalassinus Campbell and Smith 2000. The Blue- 
green Palm-pitviper has an EVS of 17 (Mata-Silva et al. 
2019) and “occurs in disjunct populations at moderate and 
intermediate elevations on the Atlantic versant from extreme 
eastern Guatemala to western Honduras” (McCranie 2011: 
495). This individual was located at Sierra del Merendon, 
Guatemala. Photo by Andres Novales. 
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Bothriechis nigroviridis Peters 1859. The Black-speckled Palm- 
pitviper has an EVS of 17 (Mata-Silva et al. 2019) and is found 
in “premontane and lower montane zones of the cordilleras of 
Costa Rica and western Panama” (Savage 2002: 725). This 
individual was seen at San Gerardo de Dota, Provincia de San 
José, Costa Rica. Photo by Louis Porras. 


Crotalus brunneus Harris and Simmons 1978. The Oaxacan 
Pygmy Rattlesnake has an EVS of 17 and it is endemic to the 
Mexican state of Oaxaca, occurring in Montafias y Valles de 
Occidente, Montafias y Valles del Centro, Sierra Madre de 
Oaxaca, and Sierra Madre del Sur physiographic regions (Mata- 
Silva et al. 2015b). This individual was found in the vicinity of 
Capulalpam de Méndez, in the municipality of the same name, 
Oaxaca, México. Photo by Eli Garcia-Padilla. 
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Konoseman’ oaxacae » Berry and Iverson 1980. The Oaxaea Mud 
Turtle has an EVS of 15 (Johnson et al. 2017) and is distributed 
at low elevations on the Pacific slope of Guerrero and Oaxaca, 
Mexico (Mata-Silva et al. 2015b; Palacios-Aguilar and Flores- 
Villela 2018). This individual was found in the Municipality 
of Villa de Tututepec de Melchor Ocampo, Oaxaca, Mexico. 
Photo by Vicente Mata-Silva. 


and Lazcano (2019), thus, maintain that ultimately it 
was the evolution of rationality as it is manifested in 
the human species (1.e., the ability to connect cause to 
effect through the passage of time) that has allowed the 
development and virtually universal acceptance of the 
anthropocentric worldview that has given rise to the 
species-wide violence directed toward all components 
of the life-support systems of planet Earth. Addressing 
this monumental paradox will require the redesign of the 
paradigm underlying human existence, a task the likes of 
which humanity has never faced in its history on Earth. 
So, to return to the question that forms this section’s 
title: Can protected areas be a salvation for the 
Mesoamerican priority level one species? The short 
answer is no, they cannot. The next question to be asked, 
of course, is: Why not? The answer to that question 1s 
that the establishment and maintenance of such protected 
areas requires them to be set aside for perpetuity from 
the destructive actions of a species dedicated to two 
overarching guidelines. One is the continual unregulated 
growth of its own global population, in ignorance of 
the basic principle of population biology which states 
that no species can enjoy unlimited population growth 
in the face of dependence on a limited resource base. 
The other guideline is that the planetary resource base 
is to be used and abused by humans to whatever extent 
is necessary to support to whatever extent is possible 
an unregulated global population of its own species. 
Ultimately, the efforts some humans undertake to “do the 
right thing” (e.g., devise a means to respond effectively 
to the problem of biodiversity decline) will ultimately 
fail in the face of the devotion of the larger population of 
humans to “do the wrong thing” (1.e., continue to practice 
unlimited population growth and thus steadily increase 
the impact on the limited planetary resource base). 
Biodiversity decline is an environmental problem of 
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global dimensions, equivalent in that sense to other global 
environmental problems impacting the atmosphere (e.g., 
climate change), the hydrosphere (e.g., ocean pollution), 
and the lithosphere (e.g., land pollution and soil loss). 


So, Is There a Future for the Mesoamerican 
Priority Level One Species? 


In attempting to answer this question, we must 
understand that the answer has to be sought within the 
context of addressing the psychological problems posed 
by the maintenance of the anthropocentric worldview 
and the cascade of other forms of centristic thinking that 
flow from it (Wilson and Lazcano 2019). In our view, 
centristic thinking tn all of its forms constitutes a chain of 
psychological ailments that lead to violence in all of its 
manifestations—ranging from the violence of all humans 
toward the environment that supports all populations of 
all organisms that now exist, as well as those that have 
ever existed or will ever exist, to the violence that single 
individuals can visit upon others and themselves. 

In our opinion, the fate of the Mesoamerican priority 
level one species will only become of concern to the 
humans now occupying the Earth if such concern emerges 
as a consequence of the transition of present-day humans 
to a new paradigm that replaces the counterproductive 
anthropocentric worldview based on a misunderstanding 
of the provisions of the “biological contract” discussed 
by Wilson and Lazcano (2019). Since everything else 
with which humans are faced will only become workable 
in the context of a sustainable society, the necessary 
paradigm shift will need to occur in the shortest time 
possible. The short time-line that now remains is 
a consequence of the two most destructive actions 
promulgated by humans which were mentioned in the 
previous section, i.e., unregulated population growth and 
unlimited exploitation of the limited planetary resource 
base. There is nothing particularly original about our 
conclusions, inasmuch as far more extended discussions 
of these symptoms of anthropocentrism can be found in 
any college and university level environmental science 
textbook. 

A number of metrics have been developed to attempt 
to measure the amount and degree of the human impact 
on the environment. One metric is the so-called [PAT 
equation (expressed as / = PAT), where: 


I is the environmental impact 
P is the population growth 

A is the level of affluence 

T is the level of technology 


This metric was developed originally by P.R. Ehrlich 
and J.P. Holdren (1971) in order to demonstrate “the 
mathematical relationship between environmental 
impacts and the forces that drive them” (Raven and Berg 
2004: 6-7). As noted by Raven and Berg (2004: 7) “the 


June 2020 | Volume 14 | Number 2 | e240 


Perspective: Conserving priority level one endemic species 


three factors in the JPAT equation are always changing 
in relation to each other. For example, consumption of 
a particular resource may increase, but technological 
advance may decrease the environmental impact of the 
increased consumption.” Thus, these authors noted (p. 7) 
that “the /PAT equation, while useful, must be interpreted 
with care, in part because we often do not understand all 
of the environmental impacts of a particular technology.” 
Nonetheless, in a broad sense, this formula informs us 
that the amount of environmental impact registered by 
humans on the planetary resources that support them is 
dependent upon the interplay of the number of people 
multiplied by the level of affluence per person (1.e., “a 
measure of the consumption or amount of resources used 
per person;” Raven and Berg 2004: 6) multiplied by the 
level of technology (1.e., the resources needed and wastes 
produced by the technologies used to obtain and consume 
the resources; Raven and Berg 2004). 

Another metric of value is that of the “ecological 
footprint.” The ecological footprint measures human 
demand on nature, 1.e., the quantity of nature it takes 
to support people or an economy. It tracks this demand 
through an ecological accounting system. The accounts 
contrast the biologically productive area people use for 
their consumption to the biologically productive area 
available within a region of the world (biocapacity, 
the productive areas that can regenerate what people 
demand from nature). In short, it is a measure of 
human impact on Earth’s ecosystem and reveals the 
dependence of the human economy on natural capital. 
The organization Global Footprint Network estimates 
that, as of 2014, humanity has been using natural capital 
1.7 times as fast as the Earth can renew it. This means 
humanity’s ecological footprint corresponds to 1.7 
planet Earths (http://data.footprintnetwork.org; accessed 
10 June 2019). The implications of this calculation are 
that “the average world citizen has an eco-footprint of 
about 2.7 global average hectares while there are only 
2.1 global hectare of bioproductive land and water per 
capita on earth. This means that humanity has already 
overshot global biocapacity by 30% and now lives 
unsustainability by depleting stocks of ‘natural capital’” 
(http://wikipedia.org; accessed 17 March 2019). If we 
underwrite a goal of sustainability for all humanity, 
then it 1s necessary to have a footprint that 1s smaller 
than the planet’s biocapacity. Sustainability is defined 
as “the ability to meet humanity’s current needs without 
compromising the ability of future generations to meet 
their needs; sustainability implies that the environment 
can function indefinitely without going into a decline 
from the stresses imposed by human society on natural 
systems such as fertile soil, water, and air” (Raven and 
Berg 2004: G-15). Thus, a lack of sustainability, the 
current state of humanity, implies that the current human 
population is attempting to meet its needs by sacrificing 
the ability of future generations to meet their needs. In 
other words, we who are here now will be handing to our 
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offspring a world in which it will be increasingly more 
difficult for them to meet their needs than it is for us now. 

A third metric of interest is termed Earth Overshoot 
Day (EOD), which is the calculated calendar date when 
humanity’s resource consumption for the year exceeds 
the Earth’s capacity to regenerate those resources during 
that year. EOD 1s calculated by dividing the year’s global 
biocapacity (the amount ofnatural resources generated), by 
the global ecological footprint (humanity’s consumption 
of Earth’s natural resources), and multiplying by 365. 
According to data presented in the Wikipedia article 
on Earth Overshoot Day, the EOD has been occurring 
consistently earlier each year since 1987, when it was 
23 October. At the beginning of the new millennium, it 
had shifted to 23 September, by 2010 it was 8 August, 
and by 2015 it was down to 6 August. The current EOD 
(i.e., that for 2018) is 1 August. Therefore, the question 
arises, naturally, as to whether this metric will recede 
into July by the current year (2020). Interestingly, the 
EOD graph for the period of 1969-2018 in the Wikipedia 
article indicates that the EOD in 1969 was 1 January, 
the point at which the world human population was 
dependent on one Earth’s worth of natural capital. Over 
the intervening half a century, the EOD has fluctuated 
somewhat but in general has steadily receded to earlier in 
the year until reaching its current day of 1 August, which 
requires the expenditure of 1.7 Earths of natural capital 
per year. Obviously, this approach to human subsistence 
on Earth is the equivalent of the well-known economic 
concept of deficit spending, which is “the amount by 
which spending exceeds revenue over a particular period 
of time” (http://wikipedia.org; accessed 17 March 2019). 
Such spending results in a budget deficit, which can be 
applied to the budget of a government, private company, 
or individual. The practice of deficit spending, especially 
at the governmental level is controversial, but in light 
of the reality that human economies are all based on the 
availability of earth capital, it would appear to be risky 
business to practice deficit spending over the long term. 
Certainly, such practices would have to be abandoned 
if humanity were ever able to achieve a sustainable 
economy. 

Given the understanding, as indicated by the 
ecological footprint and Earth Overshoot Day metrics, 
that humanity is living an increasingly unsustainable 
existence, we can return to the question framed by the 
title of this section of our paper, 1.e., Is there a future for 
the Mesoamerican priority level one species? The short 
answer is that no, there is not; not any more than there is 
a future for the remainder of the biodiversity currently 
inhabiting our planet. In fact, humanity is responsible for 
the creation and maintenance of the worldwide problem 
called “biodiversity decline” or “the biodiversity crisis.” 
This problem is the major environmental problem facing 
the biosphere, the entire compendium of life on Earth. 
Biodiversity decline can be viewed as a tripartite problem, 
inasmuch as biodiversity encompasses three levels, 
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1.e., genetic diversity, species diversity, and ecosystem 
diversity (Campbell et al. 2008). Losses, therefore, can 
and do occur at all three levels of organismic diversity. 
Generally speaking, biodiversity loss is usually measured 
in the number of species lost to extinction. We are at a 
loss, however, to provide a precise measure of the loss 
of species across the planet. As noted by Campbell et al. 
(2008), “Because we can only estimate the number of 
species currently existing, we cannot determine the exact 
rate of species loss. However, we do know for certain 
that the extinction rate 1s high and that human activities 
threaten Earth’s biodiversity at all levels.” The most 
important point made in this statement is that “we can 
only estimate the number of species currently existing,” 
meaning that we have nothing more available to us than 
rough guesses as to what might exist out there in the 
world that remains to be discovered. Wilson (2014: 47) 
noted that: 


“"..at the time of this writing (in 2013) there are 
273,000 known species of plants in the living flora of 
Earth, a number expected to rise to 300,000 as more 
expeditions take to the field. The number of all known 
species of organisms on Earth, plants, animals, fung3, 
and microbes, is about 2 million. The actual number, 
combining known and unknown, is estimated to be 
at least three times that number, or more. The roster 
of newly described species is about 20,000 a year. 
The rate will certainly grow, as a multitude of still 
poorly explored tropical forest fragments, coral reefs, 
seamounts, and uncharted ridges and canyons of the 
deep ocean floor become better known. The number 
of described species will accelerate even faster with 
exploration of the largely unknown microbial world, 
now that the technology needed for the study of 
extremely small organisms has become routine. There 
will come to light strange new bacteria, archaeans, 
viruses, and picozoans that still swarm unseen 
everywhere on the surface of the planet.” 


To draw from what Wilson (2014) wrote above, we 
have only a vague guess about what we have yet to 
discover in the living world. Even more vague is our 
understanding of how biodiversity loss is proceeding. 
At best, we might have a somewhat less vague idea of 
how much of what we do know about is being lost, but 
we otherwise have no idea of how rapidly what we don’t 
know about is disappearing. What we don’t know about 
the life that remains to be discovered is an indeterminate 
quantity, simply as measured in terms of how many taxa 
remain to be described. The formal description, however, 
is simply the first step in opening up the biology of that 
particular organism. If our own work in herpetology is 
any indication, we can say that we still know relatively 
little about the totality of the “biology” of any of these 
creatures. To use just one example from our own field, 
we can mention the work done by the last author, Larry 
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David Wilson, over the previous 50+ years. In that 
period of time, he has described 12 of the 66 currently 
recognized species of the genus Zantilla. Tantilla is the 
third most speciose snake genus in the world (Reptile 
Database; accessed 26 November 2019), after Atractus 
in Lower Central America and South America (with 147 
species) and Oligodon in southern and eastern Asia (with 
79 species). To date, most of the Zantilla species are still 
not known beyond what was presented in their respective 
original descriptions (Wilson and Mata-Silva 2015). That 
information has been summarized by Wilson (1999), and 
Wilson and Mata-Silva (2014, 2015). This case of the 
work Wilson and colleagues have accomplished over 
the many years of working with this interesting genus 
of snakes is exemplary of what we biologists are faced 
with as we continue with our efforts to understand the 
diversity of life we enjoy on planet Earth. Numerous 
similar examples could be mentioned to demonstrate how 
little we know at this time about even relatively easy-to- 
encounter organisms such as snakes and other members 
of the herpetofauna. After all, most of these organisms 
are terrestrial just as we humans are. 

Another major point needs to be made at this point 
in the discussion. Since the world’s biologists still 
have discovered and named but a fraction of the life 
that exists today on our planet, and we have only a 
vague idea of how much of what the biologists have 
catalogued to date has disappeared already, then a 
major two-part question facing humanity is what 
remains of the life on Earth to be discovered, and 
how much of that life will disappear before we have 
a chance to discover it. Inasmuch as we still know so 
little about how the majority of the world’s known 
species of organisms contribute to the maintenance 
of the life support systems on the planet, how are 
we to judge the true extent of the damage we are 
wreaking on those systems that allow life to occur 
on Earth? What is the likelihood that, at some point, 
we will render extinct that one species of organism 
whose disappearance will represent the tipping point 
beyond which life will cascade into the ultimate mass 
extinction episode? Is any person or group of people 
now alive in a position to answer this question? Does 
anyone have any idea of what sort of organism such a 
keystone creature might be? Would it be a macroscopic 
creature, 1.e., large enough to be seen with the unaided 
eye? Or, on the contrary, would it be microscopic and 
visible only with the most sophisticated and modern 
equipment? Would it perhaps only be recognizable 
by the application of modern molecular biological 
technology? In fact, might such a creature be beyond 
our ability to visualize it by any means we currently 
possess? The sad answer to all of these questions is 
that we simply do not know any of their answers and 
are likely to never know them. 

To return to the question that forms the title of 
this section of our paper, “Is there a future for the 
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Mesoamerican priority level one herpetofaunal species?” 
Our answer is that until and unless humanity manages 
to transition to a new paradigm for our existence, to 
move from anthropocentrism as the guiding, overarching 
worldview to one that lies within the provisions of the 
“biological contract” discussed by Wilson and Lazcano 
(2019), then this component of the hugely important 
Mesoamerican herpetofauna will become just another 
casualty of the actions of a centristically-oriented 
species devoted to itself without regard for the illogical 
application of such an approach to living on planet Earth. 
Ultimately, we will be forced to conclude that “now you 
see them ... and now you don’t.” 


Conclusions, Realities, Recommendations, and 
Predictions 


Conclusions 


A. The Mesoamerican herpetofauna is of tremendous 
biodiversity significance, and its significance increases 
markedly with time, due to the continuing discovery of 
new taxa at the approximate rate of 35 species per year. 
B. Atthe same time that our knowledge of the composition 
of the Mesoamerican herpetofauna is increasing, the 
global problem of biodiversity decline continues apace. 
C. In order to identify the Mesoamerican herpetofaunal 
species in most critical need of conservation attention, 
Johnson et al. (2017) and Mata-Silva et al. (2019) 
established a set of conservation priority levels based 
on a combination of physiographic distribution 
and Environmental Vulnerability Score (EVS), and 
applied those levels to the endemic component of the 
Mesoamerican herpetofauna. 

D. Eighteen priority levels were identified, ranging 
from level one, comprising those species limited to a 
single physiographic region and assessed to have a high 
category EVS, to level 18, which includes those species 
occurring in six physiographic regions and judged to 
have a low category EVS. 

E. The greatest number of species, by far, is allocated to 
conservation priority level one (971 of 1,477 species, or 
65.7%). This 1s the group of species considered to be the 
most challenging to protect for perpetuity. 

F. From one to 149 priority level one species are 
distributed in 20 of the 21 physiographic regions 
recognized in Mesoamerica. 

G. The greatest proportion of the priority level one 
species (739 of 970, or 76.2%) are distributed in the Baja 
California Peninsula and six montane regions in Mexico 
(Sierra Madre Oriental, Mesa Central, and Sierra Madre 
del Sur) and Central America (western nuclear Central 
American highlands, eastern nuclear Central American 
highlands, and Isthmian Central American highlands). 
H. The preponderance of priority level species in montane 
regions in Mesoamerica is evident among anurans (194 
of 221 species, or 87.8%), salamanders (228 of 238 


Amphib. Reptile Conserv. 


species, or 95.8%), and squamates (310 of 506 species, 
or 61.3%), but not among caecilians (the few species 
represented in both highland and lowland regions) nor 
turtles (all found in lowland regions). 

I. The priority level one Mesoamerican endemic species 
are allocated to 43 of the 50 families (84.0%) represented 
in the endemic Mesoamerican herpetofauna as a whole, 
including 11 of 11 anuran families, two of two salamander 
families, two of two caecilian families, 24 of 30 squamate 
families, and four of five turtle families. 

J. The science of conservation biology has not been 
successful in reversing the steady loss of biodiversity. 
This science has not even been successful in placing 
biodiversity decline on the global agenda to be recognized 
as a threat to life on Earth as serious as climate change. 
K. Humans are becoming increasingly disconnected 
from the natural world as they become more and more 
urbanized and technologized. As such, they are growing 
less and less attuned to the life-threatening impact they 
are having on the life-support systems of the planet. They 
are increasingly losing sight of the larger picture and 
their own role in that larger picture. 

L. The most fundamental approach conservation 
biologists have taken to the problem of the perpetual 
protection of biodiversity is to support the recognition 
of natural protected areas. Two major approaches to 
the creation of such areas have involved government- 
supported systems and those erected by local 
communities, especially indigenous ones. Neither of 
these approaches is sufficiently effective to address the 
problem of biodiversity decline, but the governmental 
approach is usually only partially successful, especially 
as it is inherently susceptible to the vagaries of the 
political climate and economic pressure. Thus, the local 
community approach has definite advantages and is the 
one we think holds the most promise for the future. 

M. Much of the work the authors of this paper have 
undertaken in the last decade has been directed toward 
attempting to answer the immensely important question 
of how humans have come to embrace highly destructive 
worldviews that support a cascade of increasingly 
limited and centristic forms of thinking. These forms of 
thinking have been characterized as exemplary of the 
“mismanagement of the human mind.” 

N. The “mismanagement of the human mind” has been 
manifested as a misuse of human rational capacity that 
has given rise to the anthropocentric worldview and other 
forms of centristic thinking connected to and flowing 
from it, ranging from ethnocentrism to egocentrism. 
These centristic forms of human thought can be viewed 
as a cascading series of psychological ailments that have 
their origin in the very feature that is most definitive in 
humans, i.e., their rational capacity. 

O. No feature evolved by any creature guarantees the 
success of that creature over the long term. Contrariwise, 
every creature 1s guaranteed eventual extinction. 
Rationality, the ability to link cause to effect through the 
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passage of time, is no exception to this general rule. This 
feature became derailed as it led to the development of 
self-awareness and the positioning of the self within a 
space-time continuum, which gave rise to a fear of the 
inevitable (e.g., the eventual death of every human) that 
embroiled the members of our species in a vicious cycle 
of addiction and denial giving rise to violence of all 
types and at all levels, which led to the development of 
destructive worldviews reinforcing that violence. 

P. In the final analysis, we do not expect that systems 
of protected areas will act as a salvation for the 
Mesoamerican priority one species for several reasons. 
The most important one of these is that the majority of 
humanity harbors worldviews that stress an unrelenting 
ravaging of the planetary resource base in order to fuel 
a global population dedicated to continual unregulated 
growth and continual unabated “improvement” of 
human lifestyles based on maximizing the rate at which 
resources are turned into garbage. 

Q. Finally, we ask whether there is a future for the 
Mesoamerican priority level one species. Given that 
measures such as the “ecological footprint” and “Earth 
Overshoot Day” indicate that the human impact on the 
life support systems of our planet continues to increase 
apace leading to an increasingly unsustainable existence 
for our species, then our realistic appraisal is that, if 
measured over the long term, this highly significant 
component of the Mesoamerican herpetofauna does 
not have a future; at least not until and unless humanity 
transitions away from the anthropocentric worldview 
that increasingly worsens the impact our species has on 
the rest of life on the planet to adopt a new paradigm 
that stresses operating within the limits imposed by the 
provisions of the “biological contract.” 


Realities, Recommendations, and Predictions 


A. Several anthropogenic environmental problems 
have achieved global dimensions as they have become 
increasingly ignored or simply been given lip service 
by people throughout the world. These problems have 
impacted all of the great spheres of the planet, including 
the atmosphere, hydrosphere, lithosphere, and, of most 
direct importance to this paper, the biosphere. These 
problems have had their impacts by utilizing the same 
pathways in reverse as those used by the flow of energy 
and the cycling of resources through planetary systems. 
B. Humans have misused their rational capacity so as to 
adopt worldviews or ideas about the workings of the real 
world that depart from that reality and reinforce mindsets 
that operate counter to the provision of the “biological 
contract.” In so doing, humans are not only endangering 
their own sustainable existence but that of the remainder 
of life on Earth. 

C. Humans have reached a point in their history as 
a species on planet Earth at which the misuse of their 
rational capacity has given rise to problems that are being 


Amphib. Reptile Conserv. 


exacerbated at a rate commensurate with the exponential 
increase of this species’ global population, so as to rise 
to the level of consciousness of even the most inattentive 
among them. The time with which to respond effectively 
to these problems is rapidly shortening, so that it threatens 
to escape the grasp of the members of our species, the 
one responsible for the emergence of these problems on 
the world stage. 

D. We support the conclusions of the recently- 
published paper (Wilson and Lazcano 2019) entitled 
“Biology and society: exposing the vital linkages,” 
that the anthropocentric worldview and its cascade of 
descendent forms of centristic thinking have proven 
to be countermandatory to the continued survival of 
life on Earth and have to be viewed as a set of nested 
psychological ailments that culminate in narcissistic 
personality disorder, as characterized in the Diagnostic 
and Statistical Manual of Mental Disorders (DMS-5). 
We recommend that several initiatives be undertaken 
as rapidly as possible to accomplish several ends, as 
outlined below. 

E. Given our hypothesis that humanity has progressively 
reversed the survival value of rationality over the 
course of its history as a species of organism on planet 
Earth, so as to create and enmesh itself in a cascade of 
nested psychological disorders of increasing scope, all 
contributing to the advancing endangerment of all life, 
then the world community of environmental psychologists 
has to undertake a study of global dimensions in order 
to identify the stages of what might be identified as the 
centristic personality disorder, encompassing all levels 
from the species-wide anthropocentric disorder to the 
individualistic narcissistic personality disorder and the 
linkages that exist among them. Such a study would 
have to be underwritten and supported by a global-level 
consortium, such as the United Nations or the Sustainable 
Development Solutions Network (http://unsdsn.org), and 
the results presented as rapidly as conceivable at the 
most proximate dedicated World Government Summit. 
Such a study might be entitled something like: Report 
of the Global Summit on the Causes and Consequences 
of the Anthropocentric Worldview and its Descendent 
Psychological Ailments on the Survival of Life on Planet 
Earth. 

F. Such a global level response to the psycho-ailment 
cascade also must be intrinsically linked to a collateral 
effort to reform the global systems of education with 
the ultimate goal of transforming the paradigm of the 
prevailing anthropocentric worldview to one that is based 
on the provisions of the “biological contract” outlined 
in Wilson and Lazcano (2019), that is, to a biocentric 
worldview that acknowledges that human life has to be 
restructured to exist within the limits of the parameters 
that allow for the continued existence of life in its totality 
on our planet. 

G. We predict that if these initiatives are not undertaken 
with all dispatch that humankind will officiate over the 
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headlong race toward the tipping points of the interlaced 
global environmental problems beyond which no retreat 
from the mass extinction abyss will be possible. 


“We must move quickly to preserve as much as possible 
and to read the disappearing pages before they are gone 
forever.” 

Eric R. Pianka (1994) 
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Addendum 


We chose a cut-off date of 10 December 2019 for revising 
the many calculations involved in this paper. However, 
in the interest of completeness, we continued to include 
additions to the list of Mesoamerican herpetofaunal 
species described or elevated to the species level since 
Johnson et al. (2017) and Mata-Silva et al. (2019). These 
additions are placed below: 


1. Eleutherodactylus erythrochomus Palacios-Aguilar 
and Santos-Bibiano, 2020. This frog species was 
described by Palacios-Aguilar and Santos-Bibiano 
(2020). This anuran is limited to the Pacific 
lowlands from Sinaloa to western Chiapas and has 
an EVS of 18; therefore, it qualifies as a priority 
level one species. 

2. Sarcohyla floresi Kaplan, Heimes, and Aguilar, 
2020. This treefrog species was described by 
Kaplan et al. (2020). This species is limited to the 
Sierra Madre del Sur and has an EVS of 13, thus 
placing it in priority level seven. 

3. Sarcohyla toyota Grinwald, Franz-Chavez, 
Morales-Flores, Ahumada-Carrillo, and Jones, 
2019. This frog species was described by Gritinwald 
et al. (2019). This species is limited to the Sierra 
Madre del Sur and has an EVS of 15, therefore 
qualifying as a priority level one species. 

4. Bolitoglossa coaxtlahuacana_ Palacios-Aguilar, 
Cisneros-Bernal, Arias-Montiel, and Parra-Olea, 
2020. This salamander species was described 
by Palacios-Aguilar et al. (2020). This species is 
restricted to the Sierra Madre del Sur and has an 
EVS of 18; therefore, it qualifies as a priority level 
one species. 

5. Chiropterotriton casasi Parra-Olea, Garcia-Castillo, 
Rovito, Maisano, Hanken, and Wake, 2020. This 
salamander species was described by Parra-Olea 
et al. (2020). This species occurs on the southern 
slopes of Pico Orizaba in the Sierra Madre Oriental 
and has an EVS of 18; therefore, it qualifies as a 
priority level one species. 

6. Chiropterotriton ceonorum Parra-Olea, Garcia- 
Castillo, Rovito, Maisano, Hanken, and Wake, 
2020. This salamander species was described by 
Parra-Olea et al. (2020). This species occurs on 
the southern slopes of Pico Orizaba in the Trans- 
Mexican Volcanic Belt and has an EVS of 18; 
therefore, it qualifies as a priority level one species. 

7. Chiropterotriton melipona Parra-Olea, Garcia- 
Castillo, Rovito, Maisano, Hanken, and Wake, 
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2020. This salamander species was described by 
Parra-Olea et al. (2020). This species occurs in 
the Sierra Madre Oriental and has an EVS of 17; 
therefore, it qualifies as a priority level one species 

8. Chiropterotriton perotensis Parra-Olea, Garcia- 
Castillo, Rovito, Maisano, Hanken, and Wake, 
2020. This salamander species was described by 
Parra-Olea et al. (2020). This species occurs on 
Cofre de Perote in the Trans-Mexican Volcanic 
Belt and has an EVS of 18; therefore, it qualifies as 
a priority level one species. 

9. Chiropterotriton totonacus Parra-Olea, Garcia- 
Castillo, Rovito, Maisano, Hanken, and Wake, 
2020. This salamander species was described by 
Parra-Olea et al. (2020). This species occurs on 
the southern slopes of Pico Orizaba in the Trans- 
Mexican Volcanic Belt and has an EVS of 18; 
therefore, it qualifies as a priority level one species 

10. Sceloporus scitulus Smith, 1942. This taxon was 


described originally as a subspecies of Sceloporus 
formosus by Smith (1942), but was elevated to 
species level by Pérez-Ramos and Saldafia de 
La Riva (2008), a position accepted by Palacios- 
Aguilar and Flores-Villela (2018). This taxon is 
limited to the Sierra Madre del Sur and has an EVS 
of 15 (Palacios-Aguilar and Flores-Villela 2018), 
thus it qualifies as as a priority level one species. 

Crotalus ehecatl Carbajal-Marquez, Cedefio- 
Vazquez, Martinez-Arce, Neri-Castro, and 
Machkour-M’ Rabet, 2020. This rattlesnake species 
was described by Carbajal-Marquez et al. (2020). 
This snake is resident in the Pacific lowlands from 
Sinaloa to western Chiapas, the Sierra Madre del 
Sur, and the western Nuclear Central American 
highlands and has an EVS of 15; therefore, it 
qualifies as a priority level three species. 
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Abstract.—The cultural significance of a species can play an important role in garnering local support for 
conservation. In this study, the Critically Endangered Mountain Chicken Frog (Leptodactylus fallax) on 
Dominica is used as a case study to understand whether a species’ cultural association affects local opinion 
towards its use and conservation. The species chosen is emblematic and was once widely consumed. Picture- 
choice questions were used to explore the effect of cultural associations with L. fallax on public preference 
in comparison with other species. The association with L. fallax as a past unofficial national dish garners 
substantial local support for it relative to other amphibians, but this effect has waned since the species has 
declined. The influence of L. fallax as a cultural icon could be improved by association as a symbol of national 
respect, much like the national bird (Amazona imperialis) which currently benefits from this stature. 
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Introduction 


The cultural significance of a species can be an important 
factor in garnering public support. Positive cultural 
beliefs can facilitate conservation efforts (Negi 2010; 
Ceriaco 2012: Gupta et al. 2015; Schneider 2018), even 
when the species concerned 1s involved in human-wildlife 
conflict (Kanagavel et al. 2014). A species can have 
cultural relevance in several different ways (Schneider 
2018). Religion-mediated beliefs and the consequent 
worship of flora and fauna across the globe is one form 
of cultural association (Gupta et al. 2015). In the Hindu 
faith, nature is believed to be a divine manifestation of 
the gods, a good example being ‘Ganesha,’ the elephant 
god (Anthwal et al. 2010). Islam also has numerous 
doctrines that mandate natural resource management 
and conservation (McKay et al. 2014). Animals also take 
the forefront of many aboriginal beliefs in Australia, 
such as the omnipotent Rainbow Serpent (Tacon et al. 
1996). Other forms of association include cultural beliefs 
without religious principles, that are highly specific to 
human communities and the geographic location, which 


may also lead to species protection. For example, Monitor 
Lizards (Varanus salvator) and Pythons (Malayopython 
reticulatus) on Tinjin Island in Indonesia are specifically 
not captured by the local fishermen, due to the perception 
that the species belong to the island’s guardian spirit, and 
anyone who does so is perceived to be possessed and 
cursed (Uyeda et al. 2016). 

The relationship between nature and human culture 
is often a double-edged sword and can also inhibit 
Species conservation (Dickman et al. 2015; Douglas 
and Verissimo 2013; Mikusinski et al. 2014). Species 
often become embedded within the local culture 
through use, developing in significance to communities 
over time (Garibaldi and Turner 2004). Prominent 
examples include birds nest soup and shark fin soup, 
the latter having a documented cultural association with 
good health since 960 AD (Fabinyi 2012). Cultural 
association 1s also believed to be a key driving force of 
the bushmeat trade (van Vliet and Mbazza 2011), and 
many indigenous medicines, rituals, and ceremonies 
are reliant on bushmeat (Bobo et al. 2015; Brashares et 
al. 2004; van Vliet and Mbazza 2011; Kanagavel et al. 
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2016). Numerous species are persecuted and killed due 
to cultural beliefs and practices; for example, folklore in 
Portugal depicts herpetofauna as “evil” or dangerous and 
as a result gecko species are heavily persecuted (Ceriaco 
2012). In India's Western Ghats, frogs are believed to be 
agricultural pests when in fact they are the opposite, and 
the myth is detrimental to their conservation (Kanagavel 
et al. 2017). 

The Mountain Chicken Frog (Leptodactylus fallax) 
is a Critically Endangered amphibian currently found 
on the islands of Montserrat and Dominica in the East- 
ern Caribbean (IUCN SSC Amphibian Specialist Group 
2017). The species recently suffered range-wide and 
catastrophic disease-mediated population declines to 
near extinction (Hudson et al. 2016a). Whilst the primary 
driver of L. fallax population declines has been amphib- 
ian chytridiomycosis, the species is not found in any pro- 
tected area on Dominica (IUCN SSC Amphibian Spe- 
cialist Group 2017) and several human activities imperil 
the remaining individuals on privately-owned land. De- 
spite a hunting moratorium, there were two unsubstan- 
tiated reports of continued illegal hunting on Dominica 
in 2013 (A. Blackman and M. Sulton, pers. comm.). At 
some sites where L. fallax are found, residents pour mo- 
tor oil in pools that frogs were known to use to make it 
unsuitable for mosquitoes (B. Tapley, pers. obs.). A sig- 
nificant amount of habitat on private-land where L. fal- 
lax were known to breed has been cleared and burnt (B. 
Tapley and D. Nicholson, pers. obs.). As a result of this 
near extinction, immense efforts have been put into the 
frog’s conservation, including captive breeding, public 
outreach, local engagement, and novel research to reduce 
the impact of disease (Adams et al. 2014; Tapley et al. 
2014; Hudson et al. 2016b). On Dominica, L. fallax is 
known as the “crapaud” and is of cultural significance 
(Tapley et al. 2014). The frog was the unofficial national 
dish of Dominica, and until the hunting prohibition in 
2002, 8,000—36,000 individuals were legally harvested 
per annum (Malhotra et al. 2007). Leptodactylus fallax 
has an emblematic status on Dominica as it is featured on 
the coat of arms, as well as the logos of the indigenous 
bank and several local businesses (Tapley et al. 2014). It 
is also a prominent protagonist in island folklore and has 
several proverbs, like “kwapo pa ka vanté soup-yo” (cra- 
paud don’t fan their own soup) and “Sé lanng kwapo ki 
twayi kwapo” (it’s the crapaud’s tongue that betrayed his 
own self), associated with it (Tapley et al. 2014). The ap- 
parent cultural association, combined with the incentive 
to protect these large-bodied frogs as a food source, was 
believed to be extremely advantageous to its conserva- 
tion (Tapley et al. 2014), ultimately providing a crucial 
foundation for positive public opinion towards the frog 
and its conservation (e.g., Tarrant et al. 2016). However, 
L. fallax is not the only species of conservation and cul- 
tural importance on Dominica. There are other species 
with roots in the local culture (Evans 1991; Sammy et 
al. 2008). Therefore, it is not clear whether the cultural 
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significance of L. fallax is sufficient to endear it to the 
public and aid its conservation. 

Culture is exceptionally difficult to quantify and is 
often forgotten in conservation practice leading to an 
unceremonious collision of the two subjects (Schneider 
2018). There are examples of conservation programs that 
focus on the cultural significance of a species to its native 
country or a specific local community (Bowen-Jones and 
Entwistle 2002; Bride et al. 2008). However, the mag- 
nitude of influence that culture has on conservation is 
still not well understood. The current study is an attempt 
to understand whether the cultural association garners 
local support for the conservation of L. fallax, and the 
strength of this association relative to other species found 
on Dominica. We ultimately hope to use this informa- 
tion to better inform the policy and outreach programs 
related to the conservation the of L. fallax that remain on 
Dominica. 


Methods 
Study Area 


The Commonwealth of Dominica has a population 
of ~72,000 (Dominica Central Statistics Office 2011) 
which largely depends on agriculture and tourism for 
its livelihood (Benson et al. 2001). A survey, through 
facilitated questionnaires, was conducted from 18 
May-—10 June 2016 at 14 sites across Dominica (Table 
1, Fig. 1). Most sites were along the west coast due to 
travel limitations and the historic distribution of L. fallax 
(Hudson et al. 2016a). Sites ranged 1n size from the capital 
(Roseau) with a few thousand inhabitants to small villages 
(e.g., Dublanc) with ~400 individuals (Dominica Central 
Statistics Office 2011). Due to variations in site size and 
street layout, setting a specific number of questionnaires 
per site was not viable. However, minimum targets were 
set of 10 for each of the smaller sites and 30 for the larger 
sites. Questionnaires were conducted face-to-face with 
Dominican residents who were met on the streets by 
the interviewers. Larger sites were sampled by walking 
a Selection of streets (one-third of the total number of 
streets); and these streets were selected using the Google 
random number generator (https://www.google.com/ 
search?q=random+number; Accessed: 25 April 2018). 
Smaller sites often consisted of only one street; in such 
cases, this street alone was surveyed. Each street selected 
was surveyed from the beginning to end, or within the 
borders of the town or village (determined using road 
signs at the entrance or exit points). 


Questionnaire Design 
The pilot and the final questionnaires were approved by 


the ZSL Ethics Committee (Project Reference: ZFP16) 
and the Department of Forestry, Wildlife, and Parks, 
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Fig. 1. The Commonwealth of Dominica, and its position in the Caribbean, showing the distribution of Leptodactylus fallax and the 
study locations (After Adams et al. 2014; IUCN SSC Amphibian Specialist Group 2017). 


Dominica. Only residents who verbally consented to 
participate in the survey and were over the age of 18 
were interviewed. The entire questionnaire (Fig. 2) 
was conducted in English (the official language of 
Dominica) by two interviewers (DJN and JB) who 
received training on conducting questionnaire surveys 
by ZSL’s Social Dimensions Specialist. Before starting 
the interview, every participant was read a standardized 
introduction, which also outlined a brief background 
of the facilitator (see Supplementary Materials). To 
avoid bias, the study aims were explained at the end 
of the questionnaire (see Supplementary Materials). 
In cases where individuals refused the use of their 
responses, completed questionnaires became void. 
The questionnaire was composed of three questions 
about L. fallax and two other species for comparison in 
different scenarios. For each question, the respondent 
was requested to select one of the three species from a 
photo board (Fig. 2) and asked to explain their choice. 
The explanation was sought as an open-ended response. 
Photo boards consisted of standardized images of each 
relevant species, its common name, a scale depicting its 
size and a short brief about the species corresponding to 
the question. Since L. fallax was repeated in each photo 
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board, its position relative to the other two species was 
changed in each question to avoid potential respondent 
bias. The sequence of the species in the three photo 
boards was retained for all respondents. 

The first question assessed the popularity of three 
different species for consumption: Leptodactylus fallax, 
the Agouti (Dasyprocta leporina), and the Purple Land 
Crab (Gecarcinus ruricola). The latter two species were 
selected for comparison as both are popular food items, 
can be legally hunted during a three-month hunting 
season (Government of the Commonwealth of Dominica 
2018), and do not have a known cultural association. 
Respondents were asked which of the species they would 
prefer to consume, rather than if they consumed any; this 
was to encourage honest answers regarding the choice of 
consumption of a strictly protected species like L. fallax. 

The second question assessed the popularity of L. fallax 
among other amphibians on Dominica. The Endangered 
Gounouj (Eleutherodactylus amplinympha) is Dominica’s 
only endemic amphibian (Hedges and Powell 2010), and 
not the focus of any conservation intervention. The Cane 
Toad (Rhinella marina), an invasive species, was detected 
recently on Dominica and is subject to a media alert 
(Dominica Vibes 2017). These two species do not have 
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Fig. 2. The photo boards used in the questionnaire survey. 


Amphib. Reptile Conserv. 136 June 2020 | Volume 14 | Number 2 | e241 


Nicholson et al. 


Hawksbill Turtle Si 
Sisserou Parrot 


Species 
selected for 


rt ; 
epee" | Mountain Chicken Frog am 


Gonouj Frog @ 
Frog species 

selected for 
conservation 


Cane Toad 


Species 
selected 
for eating 


Mountain Chicken Frog mum 


0 20 


40 


Mountain Chicken Frog mmm 


Red Rumped AgOUti [NNN 
Black Crab SiR 


60 80 100 120 140 160 180 


Number of respondents 


Fig. 3. Species selected by residents of Dominica to eat, conserve, and support on their island. 


any cultural association comparable to L. fallax as they are 
not known to be affiliated with any folklore or symbols, 
neither are they consumed by people on the island. 

The third question assessed the popularity of L. 
fallax as a local conservation flagship among two other 
threatened species on the island. The Endangered and 
endemic Sisserou Parrot (Amazona imperialis), which is 
culturally associated, is featured on the island’s flag, its 
coat of arms and local business logos and products, and is 
the national bird (Evans 1991; Douglas and Winkel 2014: 
Birdlife International 2016). In the past, it was hunted for 
its meat and captured for the pet trade; both of which 
are currently prohibited (Evans 1991). The Critically 
Endangered Hawksbill Turtle (Evetmochelys imbricata) 
is widely distributed globally and the most common 
marine turtle visiting Dominican shores (Franklin et 
al. 2004; Mortimer and Donnelly 2008). Though the 
Species is not symbolically represented like L. fallax or 
A. imperialis, marine turtles in general are a part of the 
island’s folk-stories and legends (Sammy et al. 2008). 
Consuming turtle meat and eggs is considered traditional 
by communities on the island and they can be legally 
consumed outside of the nesting season (Sammy et al. 
2008). These two species are also the focus of sustained 
conservation initiatives on Dominica, which include 
public outreach initiatives (Malhotra et al. 2007; Douglas 
and Winkel 2014). 

The extent to which the cultural status of L. fallax 
was responsible for its popularity in the three scenarios 
was explored through the respondent’s explanation for 
species choice. Socioeconomic characteristics, such as 
gender, age, education, and location were recorded at the 
beginning of the interview (Table 1). The questionnaire 
was piloted among nine Dominican residents in the 
Roseau Botanical Gardens in May 2016, to establish 
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whether respondents could understand the questions 
easily and if there was a bias in species selection. The 
only revision made to the final questionnaire was that 
respondents were not asked their exact age but rather their 
age-group, as several individuals were uncomfortable 
giving their exact age during the pilot. 

A total set of 191 responses was used in the analyses, 
but the number of responses considered for the three 
questions varied individually (Table 1). Responses for 
individual questions were omitted in cases where the 
respondent selected more than one species, refused to 
answer, or did not explain their selection. Frequencies 
and the corresponding percentages of the responses 
were calculated. Spearman’s rank correlation was used 
to determine if any of the socioeconomic characteristics 
were correlated (p < 0.05). Fisher’s exact tests were 
undertaken to determine whether the respondents’ species 
choice was influenced by their corresponding rationale 
for selecting the species. This test was chosen instead of 
chi-square test since observed values were < 5 in some 
instances. Multinomial and binary logistic regression 
models were used to determine the relationships between 
a respondent’s species choice and their socioeconomic 
characteristics. IBM SPSS Statistics ver. 21 was used for 
all statistical analyses. 


Results 


Respondents (” = 191) were predominantly male (59.2%), 
aged 31—50 years (40.3%) with a primary level education 
(33.5%) who largely lived within the range of L. fallax 
(66.0 %) on the island (Table 1). Age and education were 
found to be highly correlated (Spearman’s correlation = 
0.96, p < 0.001, n = 191), therefore education was not 
used as a factor in further analyses. 
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Table 1. Description of socioeconomic characteristics of respondents (” = 191) interviewed in Dominica, and their rationales for 
selecting the particular species they chose. 


PNarACHerIsUes Description Frequenc 
and rationale P q y 
1 Gender Respondent gender Male = 113, Female = 78 
(n= 191) 
2 Age Respondent age in years 18-30 = 46, 31-50 = 77, 51 and 
(n= 191) above = 68 
3 Education Highest educational qualification attained by the respondent No formal education = 19, 
(n=191) Primary = 64, Secondary = 56, 
College and above = 52 
4 Location Whether the location where respondent lived in Dominica was within the Within L. fallax range = 126, 
(n= 191) current crapaud range or not Outside L. fallax range = 65 
Within L. fallax range = Bath estate (11), Belfast (1), Bellevue Chopin (1), 
Cambell (1), Colihaut (10), Colubistrie (1), Dublanc (4), Eggleston (2), Fond 
Cole (1), Goodwill (7), Loubriere (8), Mahaut (8), Massacre (3), Pt Michelle 
(20), Roseau (20), Salisbury (1), Scotts Head (13), Soufriere (5), St Joseph 
(19), St Luke (1), St Mark (1), Tarou (1). 
Outside L. fallax range = Calibishe (1), Castle Bruce (12), Good hope (2), 
Grand bay (1), Grand ford (2), Kalinago Territory (1), Marigot (7), Petite 
savanne (1), Portsmouth (19), SE side (2), St David (1), Trafalgar (1), 
Woodford hill (1), Wotten Waven (1). 
5 Respondent Respondent rationales were grouped into five broad categories: 
rationale for 
selecting species Convenience = easy to catch, clean, cook or eat; common; easily Convenience = 15 (L. fallax = 0, 
to eat available. crab = 9, agouti = 6) 
(n= 157) 
Culture = cultural (n = 2) Culture = 2 (L. fallax = 1, crab = 
1, agouti = 0) 
Health and nutrition = species is vegetarian, eats seeds/grains or Health and nutrition = 43 (L. 
grass; species is clean, not a scavenger or not sick; meat is nutritious, fallax = 4, crab = 15, agouti = 
proteinaceous, gives strength or good for the body. 24) 
Taste = taste is nice, good, best, or most favorite; meat is sweet, more in Taste = 81 (L. fallax = 10, crab 
quantity, expensive, rare, or can be used in numerous delicious dishes; never = 39, agouti = 32) 
eaten before. 
Familiar = grew up eating, eaten before, or accustomed. Familiar = 16 (L. fallax = 2, crab 
= 11, agouti = 3) 
6 Respondent Respondent rationales were grouped into five broad categories: 
rationale for 
selecting Culture = our own (n= 12), our frog (v = 5), our pride (v= 1), indigenous (n — Culture= 68 (L. fallax = 68, E. 
amphibians to = 3), national frog or national icon (n = 5); used to be national dish or local amplinympha = 0) 
conserve delicacy (n = 42). 
(n= 173) 
Charisma = looks nice, lovely, friendly or unique; good, best, biggest, or Charisma = 22 (L. fallax = 21, 
clean, nice call, eats insects, not poisonous, or more profitable. E. amplinympha = 1) 
Threatened status = scarce, rare or almost extinct; local or endemic; Threatened status = 29 (L. fallax 
Endangered, sick or needs help; want to help conserve it. = 26, E. amplinympha = 3) 
Taste = can be eaten or locally eaten; meat is nice, good or sweet; taste is Taste = 24 (L. fallax = 24, E. 
good, liked or loved. amplinympha = 0) 


Familiar = know about it, accustomed, well known or only one known; grew Familiar = 30 (L. fallax = 29, E. 
up with it or eating it; used to eat or hunt it. amplinympha = 1) 
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Table 1 (continued). Description of socioeconomic characteristics of respondents (nm = 191) interviewed in Dominica, and their 


rationales for selecting the particular species they chose. 


Characteristics 


and rationale Description 


7 Respondent 
rationale for 
selecting species to 
support 
(n= 183) 


Charisma = like, love or most favorite; nice, cute, beautiful, intelligent, 
smaller, slowest, poisonous, good abundance, not locally eaten, not 
destructive, difficult to catch or nice call. 


Threatened status = rare, small population, reduced habitat or nearly 
extinct; mostly or only in Dominica; endangered, overfished, killed or hurt; 
important, necessary, need to be bred, protected or conserved; not killed or 


population is improving. 


Utilized = nice taste, eggs are good, best meat, locally consumed; like to 
hunt; can, could or used to be kept as pets. 


Familiar = seen, eaten before, relate to call, know about it or accustomed. 


Respondents mostly selected G. ruricola (47.8%) and 
D. leporina (41.4%) to eat with L. fallax being the least 
preferred (10.8%; Fig. 3). The rationale for selecting the 
three species as a food source was taste (51.6%) followed 
by health and nutrition (27.4%), with culture being the 
least-cited reason (1.3%, see categorization detailed in 
Table 1). The difference between the respondent’s species 
choice and their rationale for selection was not significant 
(Fisher’s exact test, p = 0.088). Age was the only socio- 
economic characteristic that had a significant influence 
on the respondent’s choice (Table 2). Increasing age was 
associated with an increased selection of L. fallax (18-30 
= 3, 31-50 =5, => 51 = 9) and D. leporina (18-30 = 10, 
31-50 = 27, > 51 = 28), while a larger proportion of mid- 
age (n = 31) and young respondents (n = 25) chose G. 
ruricola over older respondents (n = 19). 

Most respondents chose L. fallax (n = 168, 97.1%) 
as the amphibian species to conserve while a few chose 
E. amplinympha (n = 5, 2.9%, Fig. 3). None of the 
respondents chose R. marina (Fig. 3). The rationale for 


Table 2. Multinomial logistic regression model predicting 
the relationship between the respondent’s species choice for 
consumption and their socio-economic characteristics (n = 
157). Gecarcinus ruricola was considered as the reference 
category. Model fit statistics: Nagelkerke R?= 0.1, Final model 
y°(df = 6) = 13.79, P = 0.03. 


Choice ‘Variable B SE Odds ratio 
MCF (Intercept) -2.04 1237 

MCF Gender -0.54 0.57 0.58 
MCF Age 0.78 0.38 219% 
MCF Location -0.27 0.60 0.77 
Agouti (Intercept) -0.55 0.84 

Agouti Gender -0.70 0.36 0.50 
Agouti Age 0.64 0.24 1.91* 
Agouti —_ Location 0.02 0.37 1.01 


MCF = Mountain Chicken Frog; *indicates P < 0.05 


Amphib. Reptile Conserv. 


Culture = national bird (n = 67), our bird (n = 11), our pride (7 = 3), national 
dish (n = 2) or symbol on our flag (” = 8). 


Frequency 


Respondent rationale was grouped into five broad categories: 


Culture = 91 (L. fallax =2, A. 
imperialis = 89, turtle = 0) 


Charisma = 29 (L. fallax = 2, A. 
imperialis = 18, turtle = 9) 


Threatened status = 42 (L. fallax 
= 6, A. imperialis = 10, turtle 
= 26) 


Utilized = 13 (L. fallax = 0, A. 
imperialis = 4, turtle = 9) 


Familiar = 8 (Z. fallax = 0, A. 
imperialis = 6, turtle = 2) 
selecting the amphibian species for conservation was 
mainly culture (39.3 %) followed by being familiar 
(17.3%) and threatened (16.8%, Table 1). There was a 
significant difference between the respondent’s species 
choice and their rationale for selection (Fisher’s 
exact test, p = 0.036). Only L. fallax was selected for 
having a cultural association (100%) and for its taste 
(100%), while E. amplinympha was mostly selected 
for its perception as being threatened (60%, Table 1). 
None of the socio-economic characteristics considered 
significantly influenced the respondent’s choice. 
Respondents mostly chose to support the conservation 
of A. imperialis (n= 127, 69.4%) followed by E. imbricata 
(n = 46, 25.1%), while L. fallax was the least supported 
species (n = 10, 5.5%; Table 1). The rationale for 
species selected for support was mainly culture (49.7%) 
followed by being threatened (23.0%, Table 1). There 
was a significant difference between the respondent’s 
species choice and their rationale for selection (Fisher’s 
exact test, p < 0.001). Amazona imperialis was perceived 
by a greater proportion of respondents (70.1%) as a 
cultural icon than L. fallax (20.0%) or the turtle (0%). 
Greater proportions of respondents selected L. fallax 
(60.0%) and the turtle (56.5%) for being threatened than 
A. imperialis (7.9%, Table 1). Also, a greater proportion 
of respondents selected E. imbricata since it could be 
utilized or they desired to utilize it (19.6%) in comparison 
to A. imperialis (3.1%) and L. fallax (0%, Table 1). None 
of the recorded socio-economic characteristics were a 
statistically significant influencer of respondent choice. 


Discussion 


This study reveals that the cultural association with L. 
fallax is most effective when it is in competition with 
the other amphibian species on Dominica; and that when 
compared to other amphibians, a cultural association is 
more effective than charisma, threatened status, taste, 
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or familiarity. Our findings support the notion that the 
strongest cultural association for L. fallax is its status as the 
former unofficial national dish of Dominica (Tapley et al. 
2014), and also highlight a secondary cultural association 
for L. fallax as a national icon. However, this result could 
be skewed towards the focal species, since none of the 
other species were especially charismatic and L. fallax 
is the most threatened and familiar, and the only one that 
was locally promoted for its conservation (Malhotra et 
al. 2007). Moreover, E. amplinympha is small and only 
found in forests at high elevations (Kaiser et al. 1994; 
Malhotra et al. 2007), so opportunities for Dominicans to 
encounter it are rare. The absolute rejection of R. marina 
agrees with the negative public attitude that the invasive 
species evokes in Dominica, similar to attitudes seen in 
other countries like Australia (Fitzgerald et al. 2007). 

Leptodactylus fallax was the least popular species 
choice for consumption, this is likely because its national 
dish status was revoked and hunting was prohibited in 
2002, after the disease-mediated population declines 
(Malhotra et al. 2007; Hudson et al. 2016a). The nearly 
two-decade moratorium on consumption could have 
resulted in an entire generation’s unfamiliarity with L. 
fallax as a food item, which is further supported by our 
results that show the oldest age group most preferred to 
eat L. fallax. Similarly, in Hainan (China), only older 
individuals possessed traditional ecological knowledge of 
the Critically Endangered Gibbon (Nomascus hainanus), 
which had been extirpated throughout most of its range 
(Turvey et al. 2018). Severe population decline and/or 
the prohibition of a cultural association in turn, leads to 
interruption of the cultural transmission and reduces its 
public impact over time. In the case of L. fallax, almost 
an entire generation is unfamiliar with the species, 
and any individuals born during the decline would be 
entirely unaware of its original high abundance on the 
island. Due to this unavailability, its cultural significance 
as the unofficial national dish has likely given way to 
other available species whose preference is governed by 
perceptions of taste and how healthy or nutritious the 
meat is. Amazona imperialis is another threatened local 
flagship species that used to be frequently consumed and 
captured for the pet trade by Dominicans (Evans 1991). 
The hunting of A. imperialis was prohibited in 1980 and 
it was in turn elevated as a national icon and associated 
with respect among the Dominican society by having 
national awards named after it (Evans 1991; Douglas and 
Winkel 2014). Leptodactylus fallax could perform better 
as a flagship, particularly among future generations, by 
rebuilding its national identity. 

Leptodactylus fallax fared poorly when compared 
with other charismatic flagship species, and was the least 
favored species. Amazona imperialis, the most popular 
of the three, was selected for being a cultural icon, which 
suggests the parrot’s position as the national bird has re- 
sulted in a stronger cultural association than L. fallax as 
the former unofficial national dish. In this case, culture 
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appears to be the most important predictor of respon- 
dents’ collective preference for a flagship species, with 
charisma, threatened status, familiarity, and potential for 
utilization being less important. While charismatic val- 
ues were not selected as a reason for most respondents’ 
choices, it is likely that the charisma of A. imperialis 
was an important driver of its position as a cultural icon 
(Ducarme et al. 2013; Douglas and Winkel 2014). This 
would be similar to the Indian Peafowl (Pavo crista- 
tus), the national bird of India which is sacred among 
the Hindu faith, being the most ‘strongly liked’ among 
18 other species including the Asian Elephant (E/ephas 
maximus) and the Tiger (Panthera tigris) in a survey in 
India's Western Ghats (Kanagavel et al. 2014). 

The results presented here did not reveal a cultural as- 
sociation for E. imbricata, as 1t was predominantly se- 
lected due to its threatened status or as a food source. It 
did, however, score higher with charismatic values than 
L. fallax. Marine turtles are strong, charismatic flagships 
whose potential to raise funds and garner local support 
is possibly greater than amphibians (Troeng and Drews 
2004; MBZ 2017). There are examples of amphibians 
having as much flagship potential as charismatic mega- 
fauna, and charisma does seem to play a major role 
(Schlegel and Rupf 2010; Verissimo et al. 2011; Duca- 
rme et al. 2013; Kanagavel et al. 2014). One example is 
bright-green tree frogs which scored remarkably higher 
than dull-brown warty toads among stakeholders in both 
Switzerland and India (Kanagavel et al. 2014). Addition- 
ally, the extent to which Dominicans were engaged in 
the conservation of the three species could also have af- 
fected the results. Amazona imperialis was the first Do- 
minican species to receive extensive conservation atten- 
tion, which has included continued public engagement 
and awareness-raising since 1980 (Evans 1991; Douglas 
and Winkel 2014). Whereas L. fallax and turtle conserva- 
tion initiatives are more recent (since 2003). Also, turtle 
conservation could have been more engaging for Do- 
minicans, as the conservation efforts meant the species 
was visible on beach walks and there were opportunities 
for people to interact with hatchlings during their release 
(Malhotra et al. 2007; Franklin et al. 2004). In this study, 
respondents were only able to choose one of three spe- 
cies during interviews and valuable information may 
have been lost by this approach. Selecting one species 
does not necessarily mean that the respondent would not 
eat or support the conservation of all three. However, the 
results do provide an insight into people’s preferences; 
and subsequent research adopting an approach where 
Species are ranked by order of preference could be more 
insightful. 

There is a chance that championing three different 
species as flagships for conservation on Dominica could 
result in a clash between conservation organizations and 
diminish the importance of one or two of the species 
(Verissimo et al. 2011). This could adversely affect the 
conservation and appeal of L. fallax, much as A. impe- 
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rialis has overpowered its congener — the Jaco Parrot, 
Amazona arausiaca (Douglas and Winkel 2014). This 
situation could be avoided with L. fallax if the conserva- 
tion issues being tackled and its target audience are better 
identified, and if L. fallax is further elevated as a national 
symbol much like A. imperialis (Verissimo et al. 2011; 
Douglas and Winkel 2014). These actions may underpin 
the success of subsequent campaigns that could be adopt- 
ed to halt the anthropogenic activities that are detrimental 
to the remaining population of L. fallax on Dominica. 

Cultural and social dimensions in conservation are 
notoriously difficult to quantify. While we acknowledge 
limits of our own study, we believe that our results 
indicate the prominence of a species’ cultural association 
in garnering local support. Montserrat’s population of 
L. fallax has had a more recent and rapid decline, and 
a repetition of this survey on Montserrat could provide 
valuable comparative insight. 


Conclusion 


Despite the importance of cultural association when gar- 
nering local support for conservation, this association is 
easily eroded when there 1s competition from other more 
accessible and charismatic species. This issue is impor- 
tant to consider, especially if a species is highly threat- 
ened and subject to on-going population declines, since 
in such instances the cultural association is also likely 
to become threatened. The association a community may 
have with a species is subject to change; conservation 
scientists should consider the potential for such associa- 
tions when initiating conservation programs, particularly 
if the programs hinge on the cultural significance attrib- 
uted to the species. A cultural association should not be 
seen as a Silver bullet for species conservation, but it can 
be used as leverage to support conservation actions. 
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Supplementary Material 


Questionnaire used to determine the extent of influence that the Mountain Chicken Frog’s (Leptodactylus fallax) cultural 
status has on its conservation in Dominica. 


Introduction: “l am conducting surveys for the Dominica Forestry department, they are anonymous, and | will not require 
your name. | just want your opinion on animals that live on Dominica. | will show you a few pictures and request you to 
select one related to a specific question. It will take less than 2 minutes. Are you willing to participate?” 


Your answers are anonymous and will be stored on a password protected computer file, hard copies of data sheets will 
be destroyed. You may withdraw from the study at any point in time. 


Age: 18-30, 31-40, 41-50 7 7 


Q1: 
Of these species found on Dominica, which one would you choose to eat? [Answers 


Reason 


Q2: 
Of these amphibians found on Dominica, which one would you choose to conserve? ‘Answers 


Reason 


Reason 


Standardised explanation: “We work on the Dominican mountain chicken project. We are trying to get a better 
understanding of how people’s opinion on the mountain chicken frog (crapaud) might influence its conservation. We 
are interested in how people see it compared to other animals on Dominica and if there is anything that influences 
public opinion towards it. Would it be alright for you if we used your responses for this study? Do you have any further 
questions?” 
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Abstract.—This study aims to determine the amphibian and reptile species distributed in Kilis province, 
southeast Anatolia, Turkey. A total of four amphibian and 33 reptile species were observed in this study, 
including one urodelan, three anuran, two chelonian, 16 lizard, and 15 snake species. Five species, Hyla 
savignyi (Audouin, 1829), Pelophylax bedriagae (Camerano, 1882), Mauremys rivulata (Valenciennes, 1833), 
Ablepharus budaki Gdgmen, Kumlutas, and Tosunoglu, 1996, Natrix tessellata (Linnaeus, 1758), and Chamaeleo 
chamaeleon (Linnaeus, 1758) were recorded for the first time in Kilis province in the present study. The records 
and their locations are presented on a map, and in tabular form. In addition, the 12 chorotypes were determined 
for each of the 37 species. 
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Introduction 


The flora and fauna of Turkey are highly diverse due to 
the various geographical features of the country (Ambarl1 
et al. 2016). Accordingly, the herpetofaunal biodiversity 
is also rich in Turkey (Basoglu and Baran 1977, 1980; 
Baran and Atatiir 1986; Basoglu et al. 1994; Budak 
and Goécmen 2008). The herpetofauna of Turkey has 
been surveyed several times since the early 20" century 
(Venzmer 1922: Bird 1936; Bodenhimer 1944; Clark and 
Clark 1973; Baso&lu and Baran 1977, 1980; Baran and 
Atatiir 1986; Basoglu et al. 1994). Kilis province has the 
second smallest surface area of Turkey’s provinces, and it 
was a district of Gaziantep province until 1995. Therefore, 
only limited research focusing on the herpetofauna of 
Kilis province had been carried previously (Baran 1977, 
1978; Baran and Oz 1985; Mulder 1995; Franzen 2000; 
Gocmen at al. 2007; Akman and Go¢men 2014). Thirty- 
one species of herpetofauna have been reported by 
various studies from Kilis province so far (see references 
in Table 1). 

The main chorotypes of the Anatolian herpetofauna 
are SW-Asiatic (22.5%), E-Mediterranean (17.1%), 
and Turano-Mediterranean (9%). The other chorotypes 
represented by lower percentages are: Mediterranean 
(4.5%), Centralasian-European and Cosmopolitan 
(2.7%), European, Saharo-Turano-Sindian, S-European, 
and introduced (1.8%), Afrotropico-Mediterranean (1%), 
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Centralasian, | Centralasiatic-Europeo-Mediterranean, 
Centralasiatic-Europeo-Mediterranean, Mediterraneo- 
Sindian, Saharo-Sahelo-Arabian, Saharo-Sahelo- 
Sindian, Sibero-European, Turanian, and Turano- 
Europeo-Mediterranean (0.9%). In addition, a relatively 
high percentage of the Anatolian species (25%) is endemic 
(Sindaco et al. 2000), underscoring the importance of 
understanding the herpetofaunal diversity in this region 
even for individual provinces. 

The aim of this study is to provide a comprehensive 
and updated herpetofaunal inventory which reflects the 
full herpetological diversity of Kilis province in southeast 
Anatolia, Turkey. 


Materials and Methods 


Eight herpetological excursions (30 days in total) were 
conducted in Kilis province (1,444 km?) in 2017 (February 
through May, and August) and 2018 (March and April) 
to determine the distributions of amphibian and reptile 
species. The project area covers 19 grid units, each about 
10.8 x 13.9 km = 150.12 km? in size, and at least one 
site in each grid was investigated. The excursions were 
conducted in various habitats (e.g., wetlands, forests, 
steppes, dune, high mountains, settlements, and around 
agricultural areas). Observational studies were carried 
out in 192 localities, but the habitats within 1.5 km? 
were merged in order to show them on the map more 


July 2020 | Volume 14 | Number 2 | e242 


Herpetofauna of Kilis Province, Turkey 


— 
Kirklareli ‘Sino 
Mig A “Tey naan i. son RP 
Yal re Gankn Amasya Orgies 
fea mig yum 
pnkaraKinkkale Yoga Shas can 
Kigali yeni 


(aM es PUA ur : 
Kit igehir 


an 
EIS User Cori 


Fig. 1. Map of the sites where amphibians and reptiles were surveyed in the province of Kilis (Turkey). The numbering corresponds 
to the locality numbers and names in Table 1 and the Appendix. Black lines represent province borders, while white lines represent 


district borders. 


clearly. A total of 75 localities between 371 m and 952 
m asl (altitudinal range of Kilis province 1s 349—1,253 
m) were surveyed during the eight excursions (Fig. 1). 
The geographical coordinates of the observed species 
were recorded using a geographical positioning device 
(Garmin Montana 650). Coordinates were recorded as 
latitude and longitude in decimal degrees and referenced 
to the World Geodetic System of 1984 (WGS84). 
The coordinates were deposited in the Noah’s Ark 
Biodiversity Database (http://www.nuhungemis1. gov. 
tr, Republic of Turkey, Ministry of Forestry and Water 
Affairs, General Directorate of Nature Conservation and 
National Parks). 

Amphibians and reptiles were identified during 
visual encounter surveys (VES) [Crump and Scott 
1994] supplemented with turning over rocks, and some 
were caught by hand for a more detailed assessment. 
Amphibians were identified by VES, anuran calling 
surveys or collected using a scoop, when necessary. 
However, opportunistic records were also obtained 
(for example, while traveling on the way to the sites). 
Photographs of the individuals were taken in their habitats 
(Figs. 2-3). After examination and photographing, 
specimens were released at the same habitat where they 
had been collected. 

The species were grouped into chorotype categories as 
proposed by Vigna Taglianti et al. (1999). In addition, the 
conservation status of the amphibian and reptile species 
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was noted according to the Convention on International 
Trade in Endangered Species of Wild Fauna and Flora 
(CITES 2018), the International Union for Conservation 
of Nature and Natural Resources (IUCN 2018), and the 
Convention on the Conservation of European Wildlife 
and Natural Habitats (Bern Convention 2018). 

The results of these surveys were compared with the 
Jaccard Similarity Index (StatisticsHowTo, https://www. 
statisticshowto.com/) for the results of herpetological 
studies in four neighboring provincial areas (Hatay, 
Adana, Sanliurfa, and Adiyaman provinces). 


Results 


Species are listed with their corresponding observed 
locality numbers, conservation status levels, and related 
references in Table 1. As a result of the literature search 
(which yielded 31 species) and the field surveys, a 
total of four amphibian species and 33 reptile species 
belonging to five orders and 18 families were recorded 
for Kilis province. Briefly, four species in four amphibian 
families; two species in two chelonian families; 16 
species in five lizard families; and 15 species in seven 
snake families were identified. Pelophylax bedriagae 
(Camerano, 1882), Hyla savignyi (Audouin, 1829), 
Mauremys rivulata (Valenciennes, 1833), Ablepharus 
budaki Gocgmen, Kumlutas, and Tosunoglu, 1996, 
Chamaeleo chamaeleon (Linnaeus, 1758), and Natrix 
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Table 1. List of amphibian and reptile species known to occur in Turkish province Kilis based on this study and bibliographic data, 
including conservation status, localities, and selected references for Kilis province records for each species. Abbreviations: [UCN 
(International Union for the Conservation of Nature and Natural Resources), Red list criteria (VU: Vulnerable, LC: Least Concern, 
DD: Data Deficient, NE: Not Evaluated); Bern Convention criteria (Appendix II: Strictly Protected Fauna Species; Appendix III: 
Protected Fauna Species); CITES (Convention on International Trade in Endangered Species of Wild Fauna and Flora) criteria are 
limited to Appendix II, 1.e., “species that are not necessarily now threatened with extinction but that may become so unless trade is 
closely controlled.” The numbers of the record localities correspond to those in Fig. 1 and the Appendix. 


Family Species BERN | IUCN | crTes | Record localities References 
(in this survey) 


Ommatotriton vittatus 


Salamandridae (Gray, 1835) 


Hylidae 


Geoemydidae 


pu fief o Fr ii ii 

1,3, 4,7, 8, 9, 12, 15, 16, 18, 
20, 22, 23, 24, 25, 29, 30, 33, 
34, 35, 44, 48 49, 50, 51, 52, 
57, 58, 59, 60, 61, 62, 63, 64, 
65, 69,71 


Pelophylax bedriagae 
(Camerano, 1882) 


my 
QD 


3 AF B19, 18-948 D5 33.44. 
48, 51, 52, 58, 59, 60, 61, 62, 
64, 65, 69, 71, 73 


Hyla savignyi (Audouin, 
1829) 


En 
QD 


2,3. 4.5.7, 8,9, 12, 14, 16, 18, 
19, 20, 22, 29, 30, 31, 36, 38, 
42, 43, 44, 49, 50, 51, 52, 53, 
54, 56, 57, 58, 59, 60, 62, 63, 
65, 69,71 


Bufotes variabilis 
(Pallas, 1769) 


rae ee 
57, 58, 6 


8, 41, 48, 51, 52, 


Mauremys rivulata l 
61, 69, 70 


(Valenciennes, 1833) 


— 
= 
= 
Zz 


2, 
0, 


1,293: 5: 7,8, 9, 25, 28. 30, 32. 
42, 43, 47, 52, 54, 56, 57, 59, 


61, 63, 65, 67, 68, 70, 71 


Testudo graeca 
Linnaeus, 1758 


<a, 
= 


cy ES omy 


— 


Testudinidae 


Gekkonidae 


Agamidae 
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— 
—_ 


Hemidactylus turcicus 
(Linnaeus, 1758) 


Mediodactylus 
heterocercus (Blanford, 
1874) 


ON 
| 


Mediodactylus kotschyi 
(Steindachner, 1870) 


Ge 
QD 


2,21, 26, 51, 62, 63, 67 


— 
—_ 


Stenodactylus 
grandiceps Haas, 1952 


— 
= 
—_ 


2,3, 5,7, 9, 13, 15, 17, 25, 29, 
30, 33, 45, 47, 52, 54, 55, 56, 
57, 58, 59, 61, 62, 63, 64, 65, 
66, 67, 68, 69, 7, 71, 75 


Stellagama stellio 
(Linnaeus, 1758) 


= 
QD 


Trapelus lessonae (De 
filippi, 1865) 


ES 
G) 


30, 35, 42, 64,75 


147 


Franzen 2000; 
Franzen and 
Schmidtler 2000 


This study 


This study 


Tosunoglu 1999 


This study 


Sindaco et al. 
2000; Go¢gmen et 
al. 2007 


Sindaco et al. 
2000; Yildiz et 
al. 2007 


Gocmen et al. 
2007; Ugurtas et 
al. 2007; Sindaco 
et al. 2000 


Sindaco et al. 
2000 


Sindaco et al. 
2000; Gocgmen et 
al. 2007; Akman 
and Go¢men 
2014 


Baran and Oz 
1985; Mulder 
1995; Sindaco 
et al. 2000; 
Gocmen et al. 
2007 


Sindaco et al. 
2000 
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Table 1 (continued). List of amphibian and reptile species known to occur in Turkish province Kilis based on this study and 
bibliographic data, including conservation status, localities, and selected references for Kilis province records for each species. 
Abbreviations: IUCN (International Union for the Conservation of Nature and Natural Resources), Red list criteria (VU: Vulnerable, 
LC: Least Concern, DD: Data Deficient, NE: Not Evaluated); Bern Convention criteria (Appendix II: Strictly Protected Fauna 
Species; Appendix III: Protected Fauna Species); CITES (Convention on International Trade in Endangered Species of Wild Fauna 
and Flora) criteria are limited to Appendix I, 1.e., “species that are not necessarily now threatened with extinction but that may 
become so unless trade is closely controlled.” The numbers of the record localities correspond to those in Fig. 1 and the Appendix. 


Family Species BERN | IUCN | crTss | Record localities References 
(in this survey) 
Chamaeleo chamaeleon 


Ablepharus budaki 
Gocmen, Kumlutas, and Il NE 79 This study 
Tosunoglu, 1996 
Baran 1977; 
Ablepharus chernovi Mulder 1995; 
Darevsky, 1953 ot ae er Sindaco et al. 
2000 
Scincidae 


Chalcides ocellatus Sindaco et al. 


Baran 1977; 
Sindaco et al. 
ne ie 2000; Gocmen 
eae at I NE 8, 13,45, 55, 71 et al. 2007: 
j Kumlutas et al. 
2007; Ayaz et al. 
2011 


Baran 1977; 
Heremites auratus Sindaco et al. 
(Linnaeus, 1758) uF i Baie Hee ree Coe 2000; Gocmen et 
al. 2007 
Led 3e-4e 57 PLS, 190) 
Heremites vittatus a ag 24, 33, 37, 38, 46, 47, 49, 51, mer eu 
(Olivier, 1804) 52, 56, 57, 58, 59, 62, 63, 65, 5000 
67, 69, 70, 71, 75 


Schmidtler and 
Bischoff 1995; 
AnatiiveCappadocin 2, 4,5, 7, 8, 10, 12, 23, 30,32, | Sindaco et al. 
Ill Ee 33, 52, 53, 56, 57, 58, 59, 62, 2000; Schmidtler 
vemien, 1202) 63, 64, 67, 74, 75 2002; Ilgaz et al. 
2010; Goé¢gmen et 
al. 2007 


ie Lacerta media Lantz and Wl LC ST cea aif 
acertidae R : 
Cyrén, 1920 2002 


Li De38A, SERIO IDIOT: 
19: D0; Dk, 22, 2304 97.98: en ar 
Bieta 29, 32, 33, 34, 35, 35, 36, 38, | ¢ es a oy) 
Ménétriés, 1832 a ee 37, AG; 42, a8, AE 48. 42, Nl opogasehmidtler 
50, 52, 53, 54, 55, 56, 57, 58, | 5qqp’ 
59, 62, 63, 64, 65, 67, 69, 70, 
T7274, 75 


Xerotyphlops Go tal 
Typhlopidae vermicularis (Merrem, I NE 2, 11, 33, 49, 63, 67, 70 eae aT 
2007 
1820) 
Myriopholis Goé¢men et al. 
Leptotyphlopidae | macrorhyncha (Jan, Il NE 2007; Go¢gmen et 
1860) al. 2009 
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Table 1 (continued). List of amphibian and reptile species known to occur in Turkish province Kilis based on this study and 
bibliographic data, including conservation status, localities, and selected references for Kilis province records for each species. 
Abbreviations: IUCN (International Union for the Conservation of Nature and Natural Resources), Red list criteria (VU: Vulnerable, 
LC: Least Concern, DD: Data Deficient, NE: Not Evaluated); Bern Convention criteria (Appendix II: Strictly Protected Fauna 
Species; Appendix III: Protected Fauna Species); CITES (Convention on International Trade in Endangered Species of Wild Fauna 
and Flora) criteria are limited to Appendix I, 1.e., “species that are not necessarily now threatened with extinction but that may 
become so unless trade is closely controlled.” The numbers of the record localities correspond to those in Fig. 1 and the Appendix. 


Family Species BERN | IUCN | crTss | Record localities References 
(in this survey) 
Dolichophis jugularis Il LC Sindaco et al. 
(Linnaeus, 1758) 2000 
Eirenis barani 
Schmidtler, 1988 ee | es 
Eirenis decemlineatus 


(Dumeéril, Bibron, and 
Dumeril, 1854) 


Sindaco et al. 
2000 


Gocmen et al. 
2007; Avci and 
Eirenis eiselti Schmidtler Olgun 2015; 
and Schmidtler, 1978 Gocmen et al. 
2013; I%ci et al. 
2015 


Baran 1978; 

Sindaco et al. 
Colubridae 2000; Arikan and 

Cicek 2010 


Mulder 1995; 
Sindaco et al. 
Platyceps najadum 2000; Schatti 
(Eichwald, 1831) et al. 2005; 
Gocmen et al. 
2007 


Spalerosophis diadema Goé¢men et al. 
(Schlegel, 1837) 2009 


Gocmen et al. 
2007; Arikan and 
Ci¢gek 2010 


Telescopus nigriceps 
(Ahl, 1924) 


Natricidae Natrix tessellata 
(Laurenti, 1768) 


Malpolon insignitus Aer _ 
Psammophiidae (Geoffroy de St-hilaire, Indaco et al. 
1809) 2000 


Elapidae Walterinnesia morgani Goé¢men et al. 
P (Mocquard, 1905) 2009 
Pe Macrovipera lebetina Kumlutas et al. 
(Linnaeus, 1758) er eae aes 2007 


tessellata (Laurenti, 1768) were recorded for the first The species of amphibians and reptiles determined in 
time in Kilis province. However, all of the species that _Kilis province were grouped into 12 chorotype categories. 
were reported in the previous studies were also observed The SW-Asiatic chorotype (29.73%) was the dominant 
during the current field survey (Table 1). category that was represented by eleven species. The 
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Si 


Mauremys rivulata, (F) Ablepharus budaki. 


Turano-Mediterranean (Turano-E-Mediterranean) 
(18.92%) chorotype was represented by seven species; 
E-Mediterranean chorotype (16.22%) has six species; 
Mediterranean chorotype (10.81%) has four species; 
Turano-Europeo-Mediterranean chorotype (5.41%) has 
two species; and the others were represented by one 
species each (Table 2). 

There were no species endemic to Anatolia among 
the 37 herpetofauna species observed in Kilis province. 
According to the IUCN Red List data (http://www. 
iucnredlist.org), Testudo graeca Linnaeus, 1758 is 
categorized as Vulnerable (VU) and Bufotes variabilis 
(Pallas, 1769) is categorized as Data Deficient (DD). 
Of the remaining species, 24 were categorized as Least 
Concern (LC) and eleven were not evaluated by IUCN 
(Table 1). All of the 37 species are under protection 
according to the BERN convention appendices II (10 
species) or III (27 species) [http://www.coe.int/en/ 
web/conventions/full-list/-/conventions/treaty/104]. 
However, only two species, Chamaeleo chamaeleon 
(Linnaeus, 1758) and 7: gracea, are under protection 
according to CITES Appendix II (http://www.cites. 
org). 

According to the Jaccard Similarity Index, 
similarity ratios between Kilis-Sanliurfa, Kilis-Hatay, 
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Fig. 2. Some representative amphibians and reptiles from the 
province of Kilis. (A) Pelophylax bedriagae, (B) Hyla savignyi, 
(C) Stenodactylus grandiceps, (D) Chamaeleo chamaeleon, (E) 


Re Oe 


Fig. 3. Some representative snakes from the province of Kilis. 
(A) Eirenis barani, (B) Natrix tessellata, (C) Spalerosophis 
diadema, (D) Telescopus nigriceps, (E) Walterinnesia morgani. 


Kilis-Adiyaman, and Kilis-Adana are calculated as 
0.54, 0.52, 0.51, and 0.45, respectively. 


Discussion 


The Republic of Turkey Ministry of Forestry and Water 
Affairs, General Directorate of Nature Conservation and 
Natural Parks had initiated an effort to determine the 
province-based biodiversity of Turkey in 2013. As a result 
of these biodiversity projects, the numbers of amphibian 
and reptile species reported were: 56 from the province 
of Adana (Sarikaya et al. 2017), 24 from the province of 
Karabuk (Kumlutas et al. 2017), 23 from the provinces 
of Tunceli (Avci et al. 2018) and Bartin (Cakmak et al. 
2017), 35 from the province of Agri (Yildiz et al. 2018), 
and 36 from the province of Bitlis (Akman et al. 2018). 
From Kilis province 31 species were reported by the 
previous studies (for all references in Table 1). However, 
in this study, six additional species are recorded from 
Kilis province for the first time. Although Kilis is the 
second smallest province, based on the surface area, it 
has more species than many of the other larger provinces 
of Turkey. 

Pseudopus apodus (Pallas, 1775) is common in Hatay 
(Yildiz et al. 2019), Adana (Sarikaya et al. 2017) and 
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Table 2. The chorotype classification of the amphibian and reptile species in Kilis province, Turkey. 


Chorotypes Amphibia Reptilia 
SW- Asiatic 1 10 
E-Mediterranean 6 
Turano-Mediterranean (Turano-E- 1 6 
Mediterranean) 

Mediterranean 4 
Turano-Europeo-Mediterranean ps 
Armeno-E-Anatolian Endemic 1 
Centralasiatic-European 1 
Mediterraneo-Sindian 1 
N-Mesopotamian endemic 1 
Palearctic and Afrotropical 1 
(Saharo-Sahelo-Sindian) 

Saharo-Turano-S indian 1 
S-Anatolian (Taurian) endemic l 


Osmantye (Sindaco et al. 2000) provinces but it was not 
observed during the present study. Gd¢men et al. (2009) 
reported Platyceps collaris (Muller, 1878) as a sympatric 
species of Myriopholis macrorhyncha from Kuplice 
village. The museum specimen was re-examined and 
it is clear that Platyceps najadum was misdiagnosed. 
Therefore, P. apodus and P. collaris were not added to 
the current species list. 

The research area is under the influence of the 
Mediterranean climate. In the chorotype analysis, the 
abundance of species of Mediterranean origin (51.36% 
as the sum of E-Mediterranean, Turano-Mediterranean, 
Mediterranean, and Turano-Europeo-Mediterranean) is 
reasonable (Table 2). Kilis province is located between 
Sanliurfa in the east and Hatay in the west, so it 1s not 
surprising that the Jaccard Similarity Index shows the 
herpetofauna species of Kilis province as similar to 
Sanliurfa (Yildiz et al. 2013) and Hatay (Yildiz et al. 
2016) species inventories, at 54% and 52%, respectively. 
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% 


29.73 


16.22 


18.92 


10.81 


5.41 


2.70 


2.70 


2.70 


2.70 


2.70 


2:1) 


2.70 


Species 


Ayla savignyi, Heremites auratus, Telescopus nigriceps, 
Walterinnesia morgani, Eumeces schneideri, Dolichophis 
jugularis, Lacerta media, Trapelus lessonae, Eirenis 
eiselti, Apathya cappadocica, Stenodactylus grandiceps 


Ophisops elegans, Stellagama stellio, Ablepharus budaki, 
Eirenis decemlineatus, E. rothii, Mediodactylus kotschyi 


Mauremys rivulata, Hemorrhois nummifer, Testudo 
graeca, Ommatotriton vittatus, Macrovipera lebetina, 
Platyceps najadum, Xerotyphlops vermicularis 


Chamaeleo chamaeleon, Heremites vittatus, Malpolon 
insignitus, Hemidactylus turcicus 


Bufotes variabilis, Pelophylax ridibundus 


Ablepharus chernovi 


Natrix tessellata 


Chalcides ocellatus 


Mediodactylus heterocercus 


Myriopholis macrorhyncha 


Spalerosophis diadema 


Eirenis barani 


Adana province is next to Hatay province and Adiyaman 
province is next to Sanliurfa province; and the species 
list of the survey areas in Kilis is also similar to the 
Adiyaman (Sami et al. 2015) and Adana (Sarikaya et al. 
2017) species inventories, at 51% and 45%, respectively. 
However, Adana and Hatay are in the Mediterranean 
region, while Sanliurfa and Adiyaman are in the 
Southeast Anatolia region. As a result, the species 1n the 
Kilis inventory consists of a combination of the species 
in the Mediterranean and South eastern regions of 
Anatolia. For example, Stenodactylus grandiceps Haas, 
1952 is distributed in Syria, Iraq, Jordan, the North of 
Saudi Arabia, and the Southeast of Turkey (Akman and 
Go¢men 2014). However, Stenodactylus grandiceps is a 
rare species only known from a small habitat between 
Gaziantep and Kilis provinces (Akman and Gécmen 
2014), so the Kilis locality is the northernmost locality 
of its distribution. The southern part of Kilis province 
has a low elevation that increases from south to north. 
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Therefore, elevation may be a geographical barrier for 
the southern species. Similarly, Walterinnesia morgani 
and Telescopus nigriceps are only known in the Kilis 
and Sanliurfa provinces in Anatolia (Gé¢cmen et al. 
2007, 2009). The high elevation and related ecological 
conditions may affect the distribution of southern species 
to the northern areas. 


Conclusions 


The present study recorded 37 species of herpetofauna, 
with six new provincial records for Kilis province. 
However, the distributions of some species are confirmed 
and many different localities in the province of Kilis were 
recorded with this study. This updated inventory provides 
useful information for further species conservation 
and monitoring studies for the diverse herpetofauna of 
Turkey. 
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APPENDIX 


Localities in Kilis province where amphibian and reptile species were observed during the surveys in this study. The numbers 
correspond to the those in Fig. 1 and Table 1. 


Locality Number Date Province District Village Altitude (m) 
1 14 Apr 2017 Kilis Kilis Centrum Deliosman 456 
2 12 May 2017 Kilis Kilis Centrum Demirciler 657 
3 18 Mar 2017 Kilis Kilis Centrum Topallar 642 
4 4 Apr 2018 Kilis Kilis Centrum Topallar 720 
5 4 Apr 2018 Kilis Kilis Centrum Topallar 849 
6 10 Mar 2017 Kilis Musabeyli Hasancali 798 
7 18 Mar 2017 Kilis Kilis Centrum Ucevler 716 
8 12 May 2017 Kilis Kilis Centrum Yedigoz 600 
9 12 May 2017 Kilis Kilis Centrum Gulbaba 749 
10 14 Apr 2017 Kilis Kilis Centrum Bulamac¢li 904 
1] 14 Apr 2017 Kilis Kilis Centrum MafBaracik 621 
12 18 Mar 2017 Kilis Kilis Centrum Gozkaya 554 
13 12 May 2017 Kilis Kilis Centrum Bogazkirim 537 
14 10 Mar 2017 Kilis Kilis Centrum Yedig6z 701 
15 24 Feb 2017 Kilis Kilis Centrum Yedig6z 696 
16 24 Feb 2017 Kilis Musabeyli Hacilar 546 
17 25 Aug 2017 Kilis Musabeyli Murathtyust 705 
18 30 Mar 2018 Kilis Musabeyli Firlakli 649 
19 10 Mar 2018 Kilis Kilis Centrum Elberen 703 

20 24 Feb 2017 Kilis Musabeyli Ucpinar 541 
21 25 Aug 2017 Kilis Kilis Centrum Yuvabas1 685 
22 17 Mar 2017 Kilis Kilis Centrum Karbeyaz 612 
23 24 Feb 2017 Kilis Musabeyli Kurtaran 623 
24 30 Mar 2018 Kilis Musabeyli Kurtaran 774 
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Appendix (contiued). Localities in Kilis province where amphibian and reptile species were observed during the surveys in this 


Yildiz 


study. The numbers correspond to the those in Fig. 1 and Table 1. 


Locality Number 


25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
Al 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 


Date 
2 Apr 2018 
25 Aug 2017 
17 Mar 2017 
17 Mar 2017 
30 Mar 2018 
2 Apr 2018 
2 Apr 2018 
30 Mar 2018 
30 Mar 2018 
30 Mar 2018 
25 Aug 2017 
14 Apr 2017 
24 Feb 2017 
14 Apr 2017 
14 Apr 2017 
13 Apr 2017 
13 Apr 2017 
16 Mar 2017 
9 Mar 2017 
2 Apr 2018 
13 Apr 2017 
13 May 2017 
13 May 2017 
9 Mar 2018 
15 Apr 2017 
10 Mar 2017 
26 Aug 2017 
2 Apr 2018 
18 Mar 2017 
2 Apr 2018 
13 May 2017 
1 Apr 2018 
1 Apr 2018 
1 Apr 2018 
2 Apr 2018 
1 Apr 2018 
5 Apr 2018 
16 Mar 2017 
29 Mar 2018 
31 Mar 2018 
14 May 2017 
14 May 2017 
31 Mar 2018 
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Province 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 
Kilis 


District 
Musabeyli 
Musabeyli 
Musabeyli 
Musabeyli 
Musabeyli 
Musabeyli 

Polateli 
Musabeyli 
Musabeyli 

Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 

Polateli 

Polateli 

Polateli 

Polateli 

Polateli 

Polateli 

Polateli 

Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 
Kilis Centrum 


Kilis Centrum 


155 


Village 
Huseyinoglu 
Ortaoba 
Bozkaya 
Cinarkoy 
Asagikalecik 
Yesiloba 
Yesilpinar 
Belenozii 
Belenozti 
Bagaras1 
Tekdam 
Aybastt 
Aybasti 
Akdilek 
Dogangay 
Tahtali 
Kuzuini 
Kuzuini 
Kuzuini 
Yamac¢ Besenli 
Yukari Besenli 
Cakkallipimar 
Cakkallipinar 
Eglen 
Urunli 
Uronli 
Yesilpinar 
Sehit Ali 
Sehit Ali 
Sosutli 
Kizilgol 
Yeniyurt 
Basmagara 
Karacurun 
Polatbey 
Alatepe 
Kuctkkonak 
Kupliice 
Kupliice 
Kapdegirmeni 
Kapdegirmeni 
Karacaoren 
Goktas 
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Altitude (m) 
882 
952 
918 
834 
522 
732 
881 
876 
612 
640 
416 
371 
454 
397 
582 
655 
583 
744 
602 
496 
556 
661 
680 
569 
633 
746 
862 
820 
827 
806 
792 
875 
935 
880 
771 
699 
645 
591 
622 
538 
526 
566 
59] 


Herpetofauna of Kilis Province, Turkey 


Appendix (contiued). Localities in Kilis province where amphibian and reptile species were observed during the surveys in this 
study. The numbers correspond to the those in Fig. 1 and Table 1. 


Locality Number Date Province District Village Altitude (m) 
68 14 May 2017 Kilis Kilis Centrum Bozcayazi 585 
69 11 Mar 2018 Kilis Elbeyli Solak 525 
70 31 Mar 2018 Kilis Elbeyli Taslibakar 532 
71 14 Apr 2017 Kilis Elbeyli Dogan 522 
72 23 Feb 2017 Kilis Elbeyli Selmincik 635 
73 23 Feb 2017 Kilis Elbeyli Ak¢aégil 629 
74 23 Feb 2017 Kilis Elbeyli Kalcan 625 
75 13 May 2017 Kilis Polateli Omero$lu 850 
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Abstract.—The Andes have experienced an unprecedented wave of amphibian declines and extinctions that 
are linked to a combination of habitat reduction and the spread of the fungal pathogen, Batrachochytrium 
dendrobatidis (Bd). In the present study, a range of high-altitude habitats in Southern Ecuador were surveyed 
for the presence of Bd. With a particular focus on Yacuri National Park, infection data are presented from 
across the resident amphibian community. This community contains a once putatively extinct species which 
was rediscovered in 2016, the Podocarpus Stubfoot Toad (Atelopus podocarpus). Across species, local Bd 
prevalence was 73% in tadpoles (n = 41 individuals from three species) and 14% in adults (n = 43 individuals 
from 14 species). Strikingly, 93% (14/15) of tested tadpoles of the recently described local endemic, Gastrotheca 
yacuri, were infected with a high pathogen load, suggesting that this species likely acts as a reservoir of 
infection in Yacuri. These findings show that the threat of disease for A. podocarpus still exists, and that this 
species requires urgent action to ensure its survival. 


Keywords. Amphibian, Anura, chytrid, conservation, Ecuador, emerging infectious disease, Gastrotheca 


Resumen.—Los Andes han experimentado una ola sin precedentes de declinaciones y extinciones de anfibios 
que estan vinculadas a una combinacion de factores como la reduccion de habitat y la dispersion del hongo 
patogeno Batrachochytrium dendrobatidis (Bd). En el presente estudio, muestreamos la presencia de Bd en un 
rango de habitats de altura en el sur de Ecuador. Nos enfocamos, particularmente, en el Parque Nacional Yacuri, 
de donde presentamos datos de infeccion a traves de la comunidad residente de anfibios. Esta comunidad 
incluye una especie anteriormente considerada como extinta la cual fue redescubierta en 2016, la Rana Arlequin 
o Jambato de Podocarpus (Atelopus podocarpus). La prevalencia local de Bd fue 73% en renacuajos (n = 41 
individuos de tres especies) and 14% en adultos (n = 43 individuos de 14 especies). Sorprendentemente, el 
93% (14/15) de los renacuajos examinados de la especie endémica, recientemente descrita, Gastrotheca 
yacuri, estuvieron infectados con una alta carga del patogeno, sugiriendo que esta especie, probablemente, 
actua como un reservorio de infeccion en Yacuri. Nuestros hallazgos muestran que la amenaza de la enfermedad 
para A. podocarpus aun existe, y que esta especie requiere accion urgente para aSegurar su Supervivenciae. 
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Introduction of the current biodiversity crisis (Hoffmann et al. 2010; 

Wake and Vredenburg 2008). A main driver for these 
Amphibians have experienced marked population declines is chytridiomycosis, an infectious disease caused 
declines and extinctions across all continents where they by the fungal pathogen, Batrachochytrium dendrobatidis 
occur, and represent a particularly prominent example _— (hereafter Bd), which may act synergistically with other 
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Bd and Atelopus podocarpus in Ecuador 


yw 


Fig. 1. The Podocarpus Stubfoot Toad (Atelop 
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us podocarpus) was rediscovered along a single stream in Yacuri National Park 


(Ecuador) in 2016, after having been presumed extinct in the years following the last previous sighting in 1994. Photo by Phil Jervis. 


threats such as habitat destruction and climate change 
(e.g., Hof et al. 2011). Bd has affected hundreds of 
amphibian species globally, and is regarded as the most 
devastating vertebrate disease ever recorded (Scheele et 
al. 2019). 

The invasion and rapid spread of Bd (global panzootic 
lineage, BdGPL; Farrer et al. 2011) throughout the 
Neotropics during the 1980s led to severe population 
declines in susceptible amphibian species (Pounds et 
al. 2006; Lips et al. 2006). Amphibian communities 
at high-elevation sites in the Neotropics, such as the 
Ecuadorian Andes, occur in the global ecoregions which 
have been most severely affected by chytridiomycosis 
(Catenazzi et al. 2011; O'Hanlon et al. 2018). Severe 
declines have led to range contractions and extinctions 
of many species, particularly those confined to breeding 
in high-elevation streams and lakes (Merino et al. 2005; 
Ron et al. 2003). However, despite the scale of these 
declines, the epidemiology of chytridiomycosis in the 
Ecuadorian Andes is not yet well understood. Bd is 
thought to occur throughout much of the country, and 
it is generally assumed to currently display an enzootic 
persistence characterized by low prevalence following 
the epizootic phase nearly 30 years ago (Catenazzi 
et al. 2011). Enzootic conditions are, amongst other 
factors, facilitated by infected reservoir host species 
which tolerate Bd and maintain infection within local 
amphibian communities after the functional extinction 
of more susceptible populations (Brannelly et al. 2018; 
Haydon et al. 2002). 

With 64 species currently listed as either Critically 
Endangered or Extinct on the IUCN Red Lists, the 
genus Atelopus has been disproportionately affected by 
Bd (La Marca et al. 2005; IUCN 2020). In Ecuador, the 
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Podocarpus Stubfoot Toad, Ate/opus podocarpus, was 
described from museum specimens after the last known 
individual died shortly after capture in 1994 (Loetters et 
al. 2011). In line with many other Ecuadorian Ate/opus 
species, anecdotal evidence indicates that before the onset 
of catastrophic declines, A. podocarpus was relatively 
common within its range (Ron et al. 2003). In 2016, three 
individuals of A. podocarpus were rediscovered along 
a single stream in Yacuri National Park by a field team 
from the Museum of Zoology (QCAZ), of the Pontificia 
Universidad Catolica del Ecuador (e.g., Fig. 1). However, 
searches in the surrounding habitat were unsuccessful in 
finding additional individuals or new populations. The 
specific aims of the present study are to: (1) survey a 
range of high-altitude sites in southern Ecuador for Bd 
presence and prevalence in both tadpoles and adults of 
all encountered species; (2) revisit the last known site 
of A. podocarpus in Yacuri National Park, to survey for 
additional individuals of this species and to establish the 
Bd infection status of the local amphibian community; 
and (3) identify potential Bd reservoir species which 
maintain local infection. 


Methods 


Fieldwork was conducted at six sites during 13-21 
June 2018, which is in the dry season. Locations were 
selected at a range of elevations encompassing habitats 
of previous Ate/opus occurrences, covering an elevation 
range of 1,014—3,423 m from eastern foothill forest 
(Zamora) and eastern montane forest (San Francisco and 
Loja) to Paramo/Subparamo (Urdaneta, Madrigal del 
Podocarpus Reserve and Yacuri National Park, see Fig. 
2). The ecology of A. podocarpus is unknown. However, 
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Fig. 2. Map of the study area showing the six field sites. 
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the closely related A. ignescens has been observed 
breeding in December—January (Peters 1973), so it is 
likely that sampling occurred outside the breeding season 
of A. podocarpus. 

All individuals in this study were captured by hand 
or with a small fishing net, swabbed with a sterile cotton 
swab (Medical Wire 100), and immediately released 
at the site of capture. Tadpoles had their mouthparts 
swabbed (only the mouthparts of tadpoles can be infected 
by Bd, Hyatt et al. 2007). Post-metamorphic individuals 
were swabbed by taking five strokes at the center of the 
underside, on each flank, the inside of the legs, and the 
bottom of each of the rear feet. Animals contaminated 
with soil were washed before swabbing to remove debris, 
using water purified through mechanical, active carbon, 
and UV filtration. Swabs were stored in an icebox 
in the field when possible, until they were returned to 
the lab and refrigerated below 4 °C until analysis. The 
coordinates and elevation of each sampled animal was 
georeferenced using a Garmin GPS. All equipment used 
in environmental sampling or for handling animals was 
sterilized in 5% chlorhexidine solution between sites 
to prevent contamination of potentially disease-naive 
sites. Each individual was contained in a new plastic 
bag and handled with a fresh pair of nitrile gloves to 
prevent cross-infection. Gloves and bags were disposed 
of following return from the field. 

DNA extractions of swabs were performed using 
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Prep-Man extraction kits (Hyatt et al. 2007), followed by 
a qPCR-based standard protocol for the quantification of 
Bd prevalence and infection burden (Boyle et al. 2004). 
Standard curves were generated using 0.1, 1, 10, and 
100 Bd zoospore standards of BdGPL isolate [A042. To 
reduce PCR inhibition, samples were diluted 1:10 and 
the infection burden was multiplied by 10. Infection 
burden was defined as the number of zoospore genomic 
equivalents (GE) per swab following Clare et al. (2016). 
The sample was considered &d positive if both replicates 
amplified above 0.1 GE. 

Differences of infection intensities (GE) between sites 
were tested using ANOVA with a post-hoc pair-wise 
Tukey HSD test using R version 3.6.2 (R Development 
Core Team 2013). 


Results 


A total of 41 pre-metamorphic and 43 post-metamorphic 
individuals representing 18 species from seven sites were 
swabbed (Table 1). A total of 36 Bd positive animals 
were recorded (30 tadpoles of Gastrotheca sp. and six 
adults from four species in five genera), equating to a 
total infection rate of 43% (73% for tadpoles and 14% for 
adults). Bd was detected at five of the six sampling sites. 

A single male A. podocarpus was found along the 
same stream as the previous expedition at Yacuri National 
Park. However, further searches along 3.5 km of the 
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Fig. 3. Comparison of infection burdens in Gastrotheca tadpoles between three of the six sites. The asterisks denote significant 


differences. The boxplot was produced in ggplot 2 (Ginestet 2011). 


streams surrounding the lake system were unsuccessful 
at locating any more individuals. Tadpoles of G. yacuri, 
a recently described, locally endemic species (Carvajal- 
Endara et al. 2019), were characterized by particularly 
high Bd prevalence (93%, n= 15) and infection loads. For 
Gastrotheca species in general, Yacuri had a significantly 
higher infection burden (P < 0.05) than Madrigal and 
Urdaneta, the other two sites for which tadpoles were 
analyzed (Fig. 3). 


Discussion 


This survey found that Bd is widespread in Southern 
Ecuador, but unevenly distributed between species 


and sites. The lower prevalence of Bd amongst adult 
amphibians would correspond well with an enzootic 
disease system (Catenazzi et al. 2017), although 
the sample size here does not allow unambiguous 
discrimination between sampling biases related to 
taxon and life stage. Moreover, an enzootic state does 
not necessarily equate to stable populations, and further 
declines are also possible when populations have been 
affected by Bd over significant periods of time (Longo 
and Burrowes 2010). Gastrotheca sp. tadpoles were 
particularly highly infected by Bd (Table 1), suggesting 
that this genus acts as a reservoir for local disease 
presence. Gastrotheca is a widely-distributed and locally 
common genus throughout the Andes which can often 


Table 1. Bd prevalence and mean infection burden by species at each site. The Ate/opus podocarpus swab was lost in transit from 
the field site. GE indicates the number of zoospore genomic equivalents as a measure of infection intensity. 


Species n Life stage Site Bd positives Prevalence GE (mean) 
Boana fasciata 8 Adult Zamora 1 13% (1-53%) 3.17 
Dendropsophus rhodopeplus 6 Adult Zamora 2 33% (4-78%) Zot 
Dendropsophus sarayacuensis 2 Adult Zamora 2 100% (16—100%) 1.87 
Gastrotheca elicioi 9 Adult Loja 0 0 (0-34%) 0 
Gastrotheca pseustes 10 Tadpole Urdaneta 6 60% (26-88%) FCP 
Gastrotheca aff. pseustes 16 Tadpole Madrigal 10 63% (35-85%) 3.08 
Gastrotheca yacuri 15 Tadpole Yacuri 14 93% (68—-100%) 465.00 
Pristimantis atratus 1 Adult San Francisco 0 0 (0-97.5%) 0 
Pristimantis cf. cajamarcensis 1 Adult Madrigal 0 0 (0O-97.5%) 0 
Pristimantis (Huicundomantis) sp. 1 Adult Madrigal 0 0 (0-97.5%) 0 
Pristimantis lymani 1 Adult San Francisco 1 100% (2.5—100%) 6.22 
Pristimantis multicolor 4 Adult Yacuri 0 0 (0-60%) 0 
Pristimantis orestes 1 Adult Urdaneta 0 0 (0-97.5%) 0 
Pristimantis sp. | 2 Adult Zamora 0 0 (0-84%) 0 
Pristimantis sp. 2 1 Adult San Francisco 0 0 (0-97.5%) 0 
Pristimantis tiktik 4 Adult Urdaneta 0 0 (0-60%) 0 
Rhinella marina 2 Adult Zamora 0 0 (0-84%) 0 
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tolerate human modified landscapes. Larval anurans, 
including Gastrotheca tadpoles, are generally tolerant 
to Bd infection (Grogan et al. 2018) as their lack of 
keratinized skin prevents disease progression until 
metamorphosis. 

As a hypothesis, this situation allows for the 
proliferation of the pathogen in the habitats under 
investigation, following the declines and extinctions of 
more susceptible potential hosts such as Atfelopus sp. 
(Haydon et al. 2002; La Marca et al. 2005; Woodhams 
et al. 2006). The life history of tadpole-producing 
Gastrotheca species in high-elevation habitats could 
allow for the continuous persistence of Bd in breeding 
pools. Mating takes place on land, and eggs hatch into 
larvae in the pouch of females which deposit advanced 
tadpoles into the breeding pool. Many Gastrotheca 
species do not have fixed reproductive periods and will 
breed whenever conditions are favorable (Del Pino 1989). 
Therefore, the combination of slow development and 
overlapping generations of tadpoles in permanent pools 
at high elevations creates an ecological system which 
has previously been characterized by high infection 
prevalence combined with Bd transmissions to tadpoles 
of other species (e.g., A/ytes obstetricans: Bates et al. 
2018 and Rana muscosa. Clare et al. 2016; Rachowicz 
and Briggs 2007). Although this study represents the 
first detection of Bd in G. yacuri, tadpoles of the closely 
related G. riobambae have previously been shown to be 
capable of maintaining infection across multiple cohorts 
in a breeding pond monitored over a 9-month period 
(S. Ron, unpub. data). Future research is needed to 
determine the potential for Gastrotheca species to act as 
Bd reservoirs in high-altitude habitats over an extended 
monitoring period. 

Rediscoveries of Ate/opus sp. in Bd positive sites are 
not unusual (Perez et al. 2014; Tapia et al. 2017; Lampo 
et al. 2011, 2017). However, many of these sites are at 
lower elevations than Yacuri and possess more diverse 
amphibian communities, leading to a wider array of 
options for cross-species infection dynamics. Being 
home to a smaller number of species, Yacuri National 
Park could thus be used as an accessible model system 
to infer the processes which allow for the coexistence of 
susceptible amphibians within a Bd positive community. 
An extremely high infection burden in breeding pools 
was discovered within 50 m of the locality where the 
four remaining A. podocarpus individuals were found 
(one individual during this study in 2018, and three 
individuals discovered in 2016). This suggests that 
A. podocarpus 1s still perennially exposed to Bd and 
therefore at risk of chytridiomycosis, although infection 
data are unavailable due to the loss of the skin swab from 
the individual sampled on the second expedition. The 
high-prevalence, high-intensity infection pattern found 
here is often seen in epizootic systems, and quantitative 
population data are required to assess the impact of Bd on 
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both G. yacuri and A. podocarpus. 

A high prevalence of Bd in Yacuri could inhibit the 
proliferation of relic populations of A. podocarpus, and 
is a major cause for concern for future conservation 
initiatives. For possible future ex-situ breeding, 
investigations into the availability of founder individuals 
are seen as a priority for the species (Conservation 
Needs Assessment 2012). However, more information is 
needed on the infection status and size of the population 
and, until such data are available, we do not recommend 
the collection of individuals for ex-situ conservation. All 
recent discoveries of this species have been in Yacuri 
National Park, and all visitors and guides must register in 
the park office. Hence, dissemination for a citizen-science 
monitoring project would be relatively straightforward. 
We also recommend further investigation into the 
possibilities of improving the habitat for this species, 
for example through the removal of introduced trout 
(Martin-Torrijos et al. 2016; Mouillet et al. 2018). 
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Abstract.—Sphaerodactylus dunni (Dunn’s Least Gecko) is a rarely observed species endemic to parts of 
mainland Honduras. This article provides the first report of S. dunni on Utila Island, a location already known 
to host two other endemic Sphaerodactylus. This report from Utila extends the known range of S. dunni to an 
island locality, which represents a lowering of its elevation limit, and discusses potential introductory pathways. 
Detailed photographs shown here clarify the identification of this little-known species and provide basic data 
on morphology and scalation. We suggest that S. dunni be tentatively considered as an addition to the islands 
natural herpetofaunal assemblage, but further observations are needed to verify its establishment on Utila. 
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Introduction to occur in Honduras, six of which belong to the S. 

millipunctatus complex (McCranie 2018). Only recently, 
Members of the sphaerodactylid family of geckos four new species were described from the Honduran 
are renowned for being some of the smallest amniotic — Bay Islands; McCranie and Hedges (2012) described S. 
(hard egg-laying) animals on the planet (e.g., Hedges /eonardovaldesi (Roatan) and S. guanajae (Guanaja), 
and Thomas 2001), with a maximum size range of ca. _—_ and the following year McCranie and Hedges (2013) 
25-40 mm snout-vent-length (SVL) [Kohler 2003, — described S. pointdexteri (Utila) and S. alphus (Guanaja). 
p. 80-83]. To date, this family includes ~220 named In accordance with these records, only S. pointdexteri 
species, distributed across the Western Hemisphere and —_ and S. rosaurae are reported from Utila Island (McCranie 
parts of the Eastern Hemisphere, including isolated and Orellano 2014); i.e., S. pointdexteri is endemic to 
islands (McCranie 2018). Of all the gekkonid lizards, —_ Utila, whereas S. rosaurae is endemic to the Bay Islands 
Sphaerodactylus Wagler 1830 is one of the most species- — of Utila, Roatan, and Cayo Cochino Menor. McCranie 
rich sphaerodactylid genera (Harris and Kuge 1984), with and Orellano (2014) reviewed the overall occurrence 
approximately 105 recognized species (McCranie 2018). — of herpetofaunal species on the Bay Islands and Cayos 
Having diverged around 80 million years ago (Gamble et = Cochinos, documenting 42 species on Utila. Since then, 
al. 2011), most of the diversity of this mainly Neotropical the most recent species addition to Utila was an invasive 
genus lies within the Caribbean (ca. 70 species, Kohler = gecko Leptodactylus lugubris (Brown and Diotallevi 
2003). Owing to the small adult size and cryptic behavior 2019), that brought the total of herpetofaunal species on 
of Sphaerodactylus, these diminutive lizards are elusive —_ Utila to 43. 


and easily-missed inhabitants of the ecosystems they In the following account, we document the 
occupy, although where they do occur, they are often unexpected presence of a third Sphaerodactylus species, 
found in local abundance (Kohler 2003). Sphaerodactylus dunni Schmidt, 1936, from a single 


Currently, ten species of Sphaerodactylus are known location on Utila. This previously mainland endemic 
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Sphaerodactylus dunni on Utila Island, Honduras 


Fig 1. Ana 
by Tom W. Brown. 

was only known from elevations of 60—700 m asl on 
the Atlantic versant of northwestern to northeastern 
Honduras in primary lowland moist and dry forest 
formations (Townsend et al. 2013; McCranie 2018). 
Previous reviews of its conservation status placed S. 
dunni in the lower portion of the high vulnerability 
category, with an Environmental Vulnerability Score 
(EVS) of 14 (Wilson and McCranie 2003) and 15 
(Johnson et al. 2015). Wilson and McCranie (2003) 
reported that S. dunni has a stable population trend 
within in its restricted Honduran range, and subsequently 
it was listed as Least Concern by the IUCN Redlist 
(Townsend et al. 2013). 


Materials and Methods 


To document the presence of Sphaerodactylus on Utila, 
Kanahau Utila Research and Conservation Facility 
(URCF) has conducted opportunistic surveys across 
the island since 2016, with the primary aim of plotting 
the distributions of Utila’s known endemic species (T. 
Brown, unpub. data). Sphaerodactylus are encountered 
by slowly shuffling amongst the leaf litter of suitable 
habitats and flipping suitable damp refuges such as 
rotting logs and coconut palms in a systematic manner; 
but as yet, no standardized surveys for Sphaerodactylus 
have been undertaken on Utila. 

On 24 March 2019, at ca. 1430 h, a single female 
individual of S. dunni (Fig. 1) was encountered at a 
fringing coastal hardwood forest site en route to a 
locality known as Ironbound (GPS: 16°7714.77°N, 
86°53’53.23”W; 6 m asl), ca. 200 m from the northern 
coastline. The individual was located while slowly 
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dult Sphaerodactylus dunni photographed upon capture at its newly reported locality on Isla de Utila, Honduras. Photo 


shuffling among leaf-litter within the forest, specifically 
around the base of a mature buttressed tree (Tropical 
Almond, Jerminalia catappa). Upon encountering and 
capturing the individual, detailed photographs of key 
diagnostic features were taken using a Sony Cybershot 
DSC-HX60 (see Figs. 1 and 2A—D). The individual was 
then placed in a clear plastic bag to collect basic data 
on the morphology, i.e., snout-vent length (SVL), tail 
length, and weight, using electronic digital callipers and 
a 10 g scale. A genetic sample of the tail tip was taken 
using a tweezer and scissors, which was stored in a vial 
of 95% ethanol for future analysis. Sex was determined 
as female owing to the absence of a hemipenial bulge. 
Afterwards, the individual was released at the exact site 
of capture, as we did not consider it appropriate to collect 
a rare specimen. Geographic co-ordinates were obtained 
using a Garmin GPS 64sc. Photographs were analyzed 
using ImageJ software (Abramoff 2004) to describe the 
scalation and accurately determine the lamellar counts. 


Results and Discussion 


This observation of S. dunni on Utila represents the first 
non-mainland or insular record of this species (Fig. 1), 
further raising the total number of herpetofauna recorded 
on Utila Island to 44 species. This new locality extends 
the known range for S. dunni by at least 32 km overseas 
from its closest known locality in La Cieba. Given that 
the highest point on Utila is 74 m asl, less than | km? 
of the island’s habitat would fall within the prior known 
elevation range for this species (60—700 m asl). Hence, 
this record of S. dunni on Utila also represents the lowest 
reported elevation for this species in its range, at 6 m asl. 
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Fig 2. Key diagnostic features (outlined in white or indicated in blue) used to identify the captured individual as Sphaerodactylus 
dunni on Isla de Utila, Honduras. (A) Three supralabial scales positioned beneath/level to the lower anterior half of each eye; (B) nine 
narrow sub-digital lamellae on digit IV (described range of 7-11); (C) keeled dorsal scales (not outlined) and usually a superciliary 
spine located at or posterior to the level of the mid-eye; (D) subcaudal scales in alternating series on tail. Photos by Tom W. Brown. 


Morphometric data are presented in Table 1. 

Although S. dunni belongs to the cryptic yet diverse 
S. millipunctatus complex (in Honduras containing six 
species similar in appearance; McCranie 2018), it 1s 
more distantly related to those species in Central America 
(McCranie and Hedges 2013) and arguably one of the few 
morphologically ‘unmistakeable’ Sphaerodactylus of that 
group occurring in Honduras. Both males and females 
of this species possess a unique and relatively consistent 
coloration/patterning, 1.e., a distinct white banding on the 
nape and collar, dark plain tan-brown to slate gray dorsal 
patterning, and red eyes. Unlike some Sphaerodactylus, 
its coloration does not appear significantly variable 
within its populations, although very few photographs of 
this species across its range are available for comparison. 
In addition to patterning (as characterized by McCranie 
2018), S. dunni can be distinguished confidently from 
other members of its group by a combination of numerous 
defining morphological features, 1.e., having the third 
supralabial ventral to the lower anterior half of each eye 
(outlined in Fig. 2A); 7-11 narrow subdigital lamellae on 


digit IV (nine counted; see Fig. 2B); possessing keeled 
dorsal scales (see Fig. 2C); having subcaudal scales 
in alternating series on tail (outlined in Fig. 2D); and 
usually a superciliary spine located at or posterior to the 
level of the mid-eye (circled in Fig. 2C). These features 
were all present in the captured specimen. 

Despite considerable island-wide herpetological 
fieldwork from 2016-2020 at Kanahau URCF, as well as 
previous and subsequent searches at the exact encounter 
site, we have so far failed to locate any other individuals 
of S. dunni,; and consequently, the relative abundance 
and the nature or timing of its colonization on Utila is 
debatable. Prior to this discovery on Utila, the closest 
reported locality for S. dunni on mainland Honduras is 
La Cieba, Departamento de Atlantida (Fig. 3). 

Specifically, individuals reported from the region 
of La Cieba are present in Pico Bonito National Park 
(McCranie and Castafieda 2005). As a means of further 
confirmation and to provide a direct photographic 
comparison for this new record on Utila, Fig. 4 shows 
photographs of an individual encountered in a lowland 


Table 1. Summary of the basic morphometric data and scale counts for the individual of S. dunni captured and photographed on 


Utila Island, Honduras. 
Gender SVL(mm)_ Taillength(mm) Weight (g) 
Female 20.2 17.8 0.75 


Amphib. Reptile Conserv. 


Number of lamellae on digit [V_ Supralabials to mid-eye 


9 3 
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Fig 3. Google Earth © map hosted on the IUCN platform for Sphaerodactylus dunni (Townsend et al. 2013), illustrating the known 
range of the species on mainland Honduras, modified to include the new locality on Utila Island (X), part of Islas de la Bahia. Map 
data: see Google Earth (https://www.google.com/earth/) and Townsend et al. (2013). 


rainforest habitat at Pico Bonito National Park during 
a visit by the first author in 2014. As is apparent, this 
individual from the La Cieba region (Fig. 4) shares key 
characteristics with the individual on Utila (Figs. 1 and 
2). During the Pleistocene glacial advances, Utila was 
probably connected with the Honduran mainland (Vinson 
and Brineman 1963; Wilson and Hahn 1973), and so there 
is the possibility that S. dunni has existed on Utila for the 
considerable time since that separation. Alternatively, 
the encountered individual could have been introduced 
more recently. Future study by Kanahau URCF aims to 
use genetic processing of the sampled Utila individual 
to compare the genetic divergence of a broadly used 
genetic marker with the mainland S. dunni population. 
This comparison will allow a better understanding of 
when S. dunni colonized Utila, and whether the island 
populations are distinct from the mainland ones on a 
genetic level. 

Reptile introductions and dispersal mechanisms are 
known to include a variety of natural and increasingly 
anthropogenic means (Powell et al. 2011; Hegan 2014), 
whereby adult individuals, juveniles, or eggs might 
be transported inadvertently to a new locality and 
subsequently establish a population. Limited by their 
size, most Sphaerodactylus populations remain confined 
naturally to suitable habitat; typically, these tiny lizards 
are considered naturally incapable of long-distance travel 
and widespread dispersal without some form of assistance 
(e.g., clinging to overseas flotsam; Diaz-Lameiro et al. 
2013). Notably, the small size of Sphaerodactylus means 
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they can be transferred accidentally to new localities 
without detection by anthropogenic pathways such as 
agricultural trade and transport links. The closest human 
inhabitancy to the encounter site of S. dunni on Utila does 
include numerous cattle farms and agricultural lands, but 
these are ~1 km distance from that exact forest location. 
Although the site is located ~200 m from the northern 
coast of Utila, this region is unlikely to receive flotsam 
from the mainland range of S. dunni, which is located 
overseas in the south. 

While only a single individual of S. dunni was 
discovered on Utila, we believe that the remoteness of this 
encounter from any major points of human introduction 
(e.g., Utila Town and island entry/importation/transport 
points), suggests the individual might not be a lone 
colonizer or recent introduction to the island, but that the 
species might be established. Considering S. dunni is a 
tiny leaf-litter dwelling gecko (maximum SVL 32 mm; 
Kohler 2003), it is perfectly conceivable that its presence 
has simply gone unnoticed until now; e.g., even the Utila 
endemic S. pointdexteri is only officially known from 
three female specimens from a single locality (McCranie 
and Hedges 2013). Nonetheless, as only a single 
individual of S. dunni was encountered, the presence of 
this species on Utila needs to be confirmed with reports 
of additional individuals to ensure this observation was 
not coincidental. 

Evidently, island-wide research is still required 
to document the occurrence and cryptic diversity of 
Sphaerodactylus on Utila. Owing to the endemic and 


July 2020 | Volume 14 | Number 2 | e244 


Brown et al. 


Fig 4. Pictures of an adult Sphaerodactylus dunni photographed in 2014, in Pico Bonito National Park, La Cieba, Honduras, to 
provide direct comparison and aid in confirmation of the species’ presence on Utila Island. Photos by Tom W. Brown. 


vulnerable status of S. dunni in Honduras, and given 
its sympatric occurrence with other members of the S. 
millipunctatus group in its mainland range (McCranie 
2018), we would not consider the newly recorded S. 
dunni aS an invasive species or competitor to other 
Sphaerodactylus species on Utila. Instead, pending further 
confirmation, we propose S. dunni as an indigenous 
species and part of the island’s unique herpetofaunal 
assemblage. The unexpected presence of S. dunni is yet 
another reason for the immediate conservation of the 
threatened forest ecosystems of Utila. 
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Abstract.-The recently established Rio Manduriacu Reserve, located on the Andean slopes in northwestern 
Ecuador, has proven to be a site of high conservation importance for amphibians. It harbors a range of threatened 
species, including the only known population of the Critically Endangered Tandayapa Andes Toad, Rhaebo 
olallai, as well as those of two recently described frog species. Herein, the conservation value of the reserve 
is further bolstered with the discovery of a new population of the rare and enigmatic glassfrog, Nymphargus 
balionotus. Prior to this finding, and aside from a single record in 2005, no observations of this species have 
been reported from throughout its narrow range within NW Ecuador and western Colombia since 1984. This 
marks the sixth locality reported for N. balionotus, the third site to yield more than one individual, and the 
first documentation from within a protected area. Also presented are the first observations of amplexus, egg 
masses, and the metamorphic life stage. Published literature pertaining to N. balionotus is difficult to follow, 
especially reports on Colombian material; therefore, a comprehensive review of the literature and discussion of 
previously unpublished details regarding Colombian records is provided. The population at the Rio Manduriacu 
Reserve is currently the only known extant population of N. balionotus, and its immediate future is uncertain 
due to pressure from a mining company that is currently prospecting in-and-around the reserve. 


Keywords. Amphibian conservation, Cochranella balionota, Endangered, Imbabura, rediscovery, Threatened 
glassfrog, threatened by mining 


Resumen.—La nueva Rio Manduriacu Reserve, localizada en las laderas andinas del noroeste de Ecuador, es 
un lugar de gran importancia para la conservacion de anfibios amenazados, ya que alberga una gran cantidad 
de especies amenazadas, incluyendo la unica poblacion conocida del Andinosapo de Olalla, Rhaebo olallai, En 
Peligro Critico, ademas de dos especies de ranas recientemente descritas. Aqui, la importancia de conservar 
la reserva se ve bien reforzada con el descubrimiento de una nueva poblacion de la rara y enigmatica rana 
de cristal, Nymphargus balionotus. Previo a esto, excepto por un Unico registro en 2005, desde 1984 no se 
habian reportado observaciones en todo su estrecho rango en el Noroeste de Ecuador y Oeste de Colombia. 
Esto supone la sexta localidad reportada para N. balionotus, la tercera localidad en la que se ha encontrado 
mas de un individuo y el primer registro dentro de un area protegida. También presentamos el primer registro 
de un amplexus, la primera puesta de huevos y el primer individuo metamorfo. La literatura publicada sobre 
N. balionotus es dificil de seguir, especialmente los trabajos basados en material colombiano; por lo tanto, 
proporcionamos una revision exhaustiva de la literatura y discutimos detalles previamente no publicados 
sobre los registros colombianos. Sin embargo, la falta de informacion sobre tres de las localidades conocidas 
ha dificultado la reevaluacion de su estado de amenaza. La poblacion de la Reserva Rio Manduriacu es 
actualmente la unica poblacion existente conocida de N. balionotus y su futuro proximo es incierto debido a la 
presion de una compania minera que actualmente esta explorando la reserva. 


Palabras clave. Conservacion de anfibios, Cochranella balionota, rana de vidrio En Peligro, Imbabura, 
redescubrimiento, rana de vidrio amenazada, amenazado por la mineria 
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Introduction 


The Mindo Glassfrog, Nymphargus balionotus (Duellman 
1981), is a poorly known glassfrog from the western 
versant of the Cordillera Occidental of the Andes in 
Ecuador and Colombia. This relatively small and striking 
species was described primarily based on a series of 13 
males collected along a small, cascading stream at a site 
just northeast of Mindo, Ecuador, in April 1975 (1,540 
m; Duellman 1981). Also referenced in the description 
was a single specimen (KU 145084) collected in March 
1938 from a site ~330 km north of the type locality, near 
El Tambo, Cauca, Colombia. Unfortunately, only limited 
information is associated with the latter specimen (see 
VertNet 2019). 

In the time since N. balionotus was described, new 
information has been scant; search efforts in ensuing 
years have yielded just two individuals in Ecuador, and 
one population in Colombia. The first of the Ecuadorian 
specimens was collected in November 1984 at a site near 
Cabeceras del Rio Baboso, in western Carchi province 
(DHMECN 0865; ca. 1,400 m; 0°52°59”N, 78°27'W; 
Cisneros-Heredia and Yanez-Mufioz 2007), and the 
second was collected from an area of primary lower 
montane forest NE of La Mana, Rio Lomapi, Cotopax1, 
in August 2005 (FHGO 5564; 1,283 m; 0°487°55”S, 
79°05°01”"W; Jorge Valencia, pers. comm.). Some of 
the only known color photographs of live N. balionotus 
specimens are of the latter individual, and can be seen 
in Guayasamin and Frenkel (2018; photos by Martin 
Bustamante). The Colombian population was recorded at 
Campamento Chancos, Vereda Campo Alegre, Municipio 
de Restrepo, Valle del Cauca (Ruiz-Carranza et al. 1996; 
Lynch and Suarez-Mayorga 2004), where nine specimens 
were collected (Lynch and Ruiz-Carranza 1996). These 
records were observed at a considerably lower elevation 
(460 m; Lynch and Suarez-Mayorga 2004), and extended 
the known range of N. balionotus ca. 160 km north from 
the single record from the Cauca Department. Similar 
to the specimen from Cauca, few details have been 
published on the material or the site of collection (see 
Discussion). Nonetheless, this remains the only site other 
than the type locality where more than one individual of 
N. balionotus has been recorded. 

Until recently, the phylogenetic position of N. 
balionotus has been unclear. Duellman (1981) originally 
placed the taxon in the genus Centrolenella, which 
was subsequently designated to Cochranella by Ruiz- 
Carranza and Lynch (1991) based on the absence of 
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humeral spines in males from specimens collected at 
Campamento Chancos, Valle del Cauca. However, 
Cisneros-Heredia and McDiarmid (2006) verified the 
presence of humeral spines in the material described 
by Duellman (1981), thus combining the taxon with 
Centrolene, and the Colombian material reported 
by Lynch and Ruiz-Carranza (1996) was _ therefore 
presumed to be of a distinct lineage (Cisneror-Heredia 
and McDiarmid 2006). Later, in a monographic revision 
of the glassfrog family, Centrolenidae, Guayasamin et 
al. (2009) underscored the difficulty of substantively 
designating the taxon at the generic level, and regarded 
the taxon as incertae sedis within the subfamily 
Centroleninae. Finally, after incorporating mitochondrial 
sequences into a phylogenetic analysis of the family, 
Centrolenella balionota was recovered within the genus 
Nymphargus, and as sister to the recently described, and 
Critically Endangered, N. manduriacu (Guayasamin et 
al. 2019). 

Despite numerous efforts, and even the presence of 
seemingly appropriate habitat at the known localities 
in Ecuador, recent attempts to find NV. balionotus within 
its historical range and nearby localities have failed 
(Cisneros-Heredia and Yanez-Munoz 2007; Ron et al. 
2011; Arteaga et al. 2013; IUCN SSC Specialist Group 
2020). In Colombia, the most recent records are those 
from northern Valle del Cauca Department, and date 
back to 1984 (see Discussion; IUCN SSC Specialist 
Group 2020). The single specimen collected in 2005 
from Rio Lomapi, Cotopaxi Province, Ecuador, is the 
last reported observation of this enigmatic glassfrog. 
Herein, the discovery of a reproducing population of N. 
balionotus is reported from the recently established Rio 
Manduriacu Reserve (RMR), Imbabura, Ecuador. The 
data from RMR include the first records of metamorphs 
and egg masses of the species. Aspects regarding its 
natural history, distribution, and conservation status are 
discussed, and detailed color photographs of various life 
stages and reproductive behavior are presented. Lastly, 
a comprehensive review of the literature pertaining to 
N. balionotus is provided and new details concerning 
Colombian material that were uncovered in the process 
are discussed. 


Materials and Methods 
Study site. Fieldwork was carried out at the Rio 
Manduriacu Reserve (RMR), located on the Pacific 


Andean slopes in western Imbabura, Ecuador (1,100-— 
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CAMPAMENTO CHANCOS, 
VALLE DEL CAUCA; 
n = 9; 460 M; 


“EL TAMBO,” 
CAUCA; 
n=1; 800M; 
1938 


_ 


CABECERAS DEL Rio BABOSO, 
CARCHI; 
n= 1; 1,400 mu; 
1984 


Rio MANDURIACU RESERVE, 
IMBABURA; 
n= 39; 1,116-1,285 mu; 
2018 & 2019 


MINDO, 
y PICHINCHA; 
_ n= 13; 1,540 M; 
; 1975 


Rio LOMAPI, 
COTOPAXI; 
n= 1; 1,283 M; 
2005 


COLOMBIA 


ECUADOR 


Fig. 1. Distribution map of known localities for Nymphargus balionotus. Information tags to the left summarize data reported for 
each locality, including (in order): name of collection site, department/province, number of specimens reported, elevation, and year 
specimens were collected or observed. Blue circle represents the Rio Manduriacu Reserve; red circle marks the type locality; yellow 
and gray circles represent remaining localities reported in the literature, with the gray (Campamento Chancos) population believed 
to be a distinct lineage by Cisneros-Heredia and McDiarmid (2006). Note: the “El Tambo” locality in the department of Cauca, 
Colombia, has been placed as accurately as possible based on available information (see Discussion). 


2,000 m; Fig. 1). The RMR is a privately protected 
area that consists of ca. 600 ha managed by Fundacion 
EcoMinga. Habitat at RMR consists of primary and 
mature secondary lower montane and cloud forest habitat. 
The reserve is situated along the east-facing slope on the 
west side of a north-south oriented river canyon; the Rio 
Manduriacu bisects the canyon, flowing from north to 
south. Most of the habitat within RMR is undisturbed, 
with only minor disturbances at the lower reaches of the 
reserve from selective timber extraction, a clearing for 
a cabin used by researchers and the EcoMinga reserve 
guards, as well as a limited number of recently created 
small-scale clearings resulting from mining prospecting. 
Further details of the study site are provided by Lynch et 
al. (2014) and Guayasamin et al. (2019). 


Sampling. Sampling efforts at RMR follow the time 
frames outlined in Guayasamin et al. (2019), as well as 
two additional sampling efforts from 28 February to 13 
March 2019 (by RJM, SK, ST, JC, José Maria Loaiza, 
Rolando Pefia, and two assistants) and 23 November to 
17 December 2019 (by RJM, ST, JC, José Maria Loaiza, 
Rolando Pefia, and one assistant). The survey period 
from 8-11 April outlined in Guayasamin et al. (2019) 
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is amended here from 2018 to 2017. Visual encounter 
surveys were the primary sampling method. Surveys 
were conducted along transects of various lengths 
within primary, secondary, and riparian forest, and along 
streams of various sizes. For smaller streams that were 
densely vegetated and too narrow to transect, general 
area searches of the stream were performed. Call surveys 
were also used, where calls of glassfrogs were specifically 
targeted in streams, especially during and after mild 
rain events. Sampling localities were primarily within 
the RMR, however forest trails and streams outside the 
reserve boundaries to the south, and on the opposite/ 
east side of the Rio Manduriacu, were also surveyed. 
Surveys were conducted between 1900 and 0200 h. 
Data collection included the following parameters: 
relative humidity, ambient temperature (°C), date, time 
of observation, geographic coordinates, gender, age class 
(adult; subadult; juv/metamorph; tadpole; egg mass), 
behavior (if any), snout-vent length (SVL, mm; only for 
captured individuals), perch height (when applicable), 
and perch diameter (when applicable). Climatic data 
were collected using a Kestrel 3500 Weather Meter, 
geographic coordinates with a Garmin GPSmap 62s 
handheld unit, and SVL with dial calipers. 
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Fig. 2. Audio spectrogram (top), oscillogram (middle), and power spectrum (bottom) graphs of a single male Nymphargus balionotus 


advertisement call. 


Bioacoustics. Call analysis is based on two recordings 
of advertisement calls from a single male N. balionotus 
obtained by SJT on 30 November 2019 at 1930 h during 
light rain and ambient air temperature measuring 21.2 
°C (Fig. 2). The two recordings were made with a Rode 
VideoMic microphone connected to a Sony PCM-M10 
Recorder, with a sampling rate of 44.1 kHz, 24-bit 
resolution and recorded in .wav format. The microphone 
was placed approximately 2.5 m and 1.5 m from the 
calling male during the 1‘tand 2™ recordings, respectively; 
both calls were combined into one file, unaltered, and 
deposited at the Cornell University Macaulay Library 
(catalog number: ML237497; https://macaulaylibrary. 
org/asset/237497). Outlier properties within the calls 
were removed from the respective measurement results. 
Each call was analyzed for both temporal and spectral 
domains (Raven Pro 1.6.1; Cornell Lab of Ornithology, 
Ithaca, New York, USA), following the recommendations 
of Kohler et al. (2017). 

Adobe Audition (version 13.0.1.35) sound removal 
process was used to generate a recording to facilitate 
the measurement of temporal variables. Sound removal 
was applied with the following settings: sound model 
complexity 60, sound refinement passes 150, content 
complexity 60, and content refinement passes 150. For 
the first call recording, the sound model was trained and 
applied with timeline segment 2:50-3:00 min. For the 
second call recording, the sound model was trained and 
applied with timeline segment 2.4—5.7 s. Frequencies for 
both recordings were filtered out below 4,350 Hz (below 
the fundamental harmonic) due to significant background 
noise using the “Band Filter” function after viewing the 
spectrogram in Raven without significantly modifying 
call properties. 

Call duration was defined as the length of a note. Call 
period was the time interval from the beginning of one 
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note to the beginning of the next note. Call repetition rate 
was the inverse of call period. The number of pulses was 
the number of pulses in a note. Pulse rate was calculated 
as the number of pulses in a note divided by call duration. 
Call bandwidth was measured using the “Freq 5%” and 
“Freq 95%” measurement functions in Raven Pro 1.61. 
Dominant frequency was defined as the frequency with 
the most energy. Spectrogram configuration was set at a 
Hann window of 512-sample window size, 256-sample 
hop size with 50% frame overlap, and 86.1-Hz frequency 
grid spacing. 


Specimen collection and ethics statement. Collected 
specimens were euthanized using benzocaine and were 
fixed and preserved in 70% ethanol. Muscle and liver 
samples were preserved in 96% ethanol. All specimens 
collected from RMR were deposited at the Museo de 
Zoologia of the Universidad San Francisco de Quito 
(ZSFQ). Specimens were collected under permits 
N°018-2017-IC-FAU-DNB/MAE and N°019-2018-IC- 
FAU-DNB/MAE and authorized by the Ministerio del 
Ambiente del Ecuador. Specimen transport was approved 
through the Guia de Movilizacion de Especimenes de 
Fauna Silvestres, emitted on 2 March 2018. The study 
was carried out in accordance with the guidelines for use 
of live amphibians and reptiles in field and lab research 
(Beaupre et al. 2004), compiled by the American 
Society of Ichthyologists and Herpetologists (ASIH), 
the Herpetologists’ League (HL), and the Society for the 
Study of Amphibians and Reptiles (SSAR). 


Results 
The data reported here are from a_ previously 
undocumented population of Nymphargus balionotus 


from western Imbabura Province, Ecuador, at the Rio 
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Fig. 3. Pattern and color variation in adult Nymphargus balionotus. (A) Male, uncollected; (B) Male, ZSFQ 0531; (C) Male, 
uncollected; (D) Male, uncollected; (E-F) Male, ZSFQ 0532; (G—H) Gravid female, uncollected. Photos by Ross J. Maynard. 
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Fig. 4. Metamorphic life stage of Nymphargus balionotus, dorsal (A) and ventral (B) views (ZSFQ 3895). Photos by Ross J. 


Maynard. 


Fig 5. Iris variation in Nymphargus balionotus. Photos by Jaime Culebras (A—C) and Scott Trageser (D). 


Manduriacu Reserve (0°31’N, 78°51’W; Fig. 1). A total 
of 39 observations were made during the months of 
March (2019), November (2019), and December (2019); 
no individuals were observed during sampling efforts 
prior to 2018. All individuals were observed at night 
from 1950-2355 h, at elevations spanning 1,116—1,285 
m. Records consisted of five females, 28 males, two 
subadults, two metamorphs, and two egg masses (Figs. 
3-6). One of the two egg masses contained 17 eggs (Fig. 
6). Only one adult pair was observed in amplexus on 7 
March 2019 (Fig. 6). Five specimens were collected and 
deposited with tissues (ZSFQ 0531-33, 0536, 3895). 
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Habitat and natural history. Of a total of 17 streams 
surveyed within (” = 13) and outside of (n = 4) RMR, 
four streams were occupied by N. balionotus. Three of 
the four occupied streams were within the boundaries of 
RMR, and the one outside of the reserve was on the slope 
east of the Rio Manduriacu. The occupied streams within 
the reserve are roughly parallel to one another from 
south to north, have a combined distance between the 
streams of 0.5 km, and are situated within primary lower 
montane forest at the points of observation. All records 
within RMR (n = 29) were within 1,231—1,285 m asl. 
The greatest distance between observations in the reserve 


July 2020 | Volume 14 | Number 2 | e245 


Nymphargus balionotus in Ecuador 


Fig. 6. Nymphargus balionotus breeding behavior. (A) Calling 
male; (B) Male and female in amplexus; (C) Egg mass deposited 
on the bottom surface on a leaf. Photos by Ross J. Maynard (A) 
and Jaime Culebras (B-C). 


was 490 m. Observations at the stream outside of the 
reserve (n = 10) were recorded between 1,116—1,135 m 
asl and were also from within an area with mature forest. 
Unlike the habitat within RMR, cattle pasture is quickly 
encroaching on this segment of forest from the north and 
south of the observation points. A barbed-wire fence has 
been erected running parallel to a portion of the ca. 100 
m section of stream which was surveyed, indicating that 
cattle pasture will potentially replace this patch of forest 
in the near future. 

All four occupied streams were moderate- to fast- 
flowing, cascading, and characterized by the presence of 
various sized boulders. The stream outside the boundaries 
of RMR, and one of the three within RMR, were 1-3 m 
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in width; and the other two streams within RMR were 
wider (3-6 m width) and faster flowing. Fewer streams 
were located on the east side of the Rio Manduriacu (n 
= 3), as navigating the forest was difficult due to a lack 
of established trails aside from cattle paths leading to the 
open patches of pasture. 

Most of the N. balionotus observations (90%) were 
recorded in groups of three or more individuals in close 
proximity to one another, either within the same vegetation 
(i.e., leaves of the same tree or cluster of vegetation) 
or within a specific area of a stream (i.e., a single 1—5 
m stretch). Four such “hotspots” were recorded, three 
of which were located in the two narrower of the four 
occupied streams; the 4" hotspot was in one of the two 
wider streams, where a large tree had fallen across it. Two 
hotspots were within RMR and yielded observations of N. 
balionotus in February 2018, and March, November, and 
December 2019. The two hotspots 1n the narrow stream 
across from RMR were separated from one another by 
ca. 90 m and collectively consisted of nine calling males 
and one metamorph. This stream was surveyed just once 
in March 2019. Individuals found at locations away from 
the hotspots consisted of three males calling in isolation 
(i.e., no other males were seen or heard nearby), and a 
female that was observed in close proximity to one of the 
isolated males. 

Males were observed calling while perched on the top 
side of leaves (Fig. 6); perches were directly above, or 
immediately adjacent to, the water. Perch heights ranged 
from 1—5 m. On multiple occasions, the same male was 
found to be calling within the same group of leaves (or 
leaf) during consecutive nights. Males called regardless 
of whether it was raining, however rain events occurred 
on all days when observations were made; males called 
more often during light or steady rain and when relative 
humidity was above 90%. Egg masses were deposited 
on the underside of leaves of an unidentified fern and an 
unidentified tree species (Fig. 6). 


Call analysis. Fifteen calls were recorded in two nearly 
contiguous recordings. Four of these calls exhibited 
incongruent properties, and one call overlapped with 
the advertisement call of Espadarana prosoblepon for 
which the call duration could not be determined. These 
five calls were excluded from all analyses. The four 
calls exhibiting incongruent properties are suspected to 
have resulted from insufficient call motivation due to the 
recorded male moving to adjacent leaves between those 
calls. The remaining 10 calls have relatively consistent 
properties and are representative of high call motivation. 
This notion was supported by a visual comparison 
with the spectrogram from a single call recording of a 
different male also considered to be produced with strong 
call motivation (recorded on iPhone by JC). 

Each call is a high-pitched chirp that consists of a 
single pulsatile note (Fig. 2). Call duration was measured 
as 105-130 ms (x = 114 + 1; m = 10) with an intercall 
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duration of 20.9-84.2 s (x = 41.4 + 22.7; n= 10). Call 
period was measured as 21.04—84.29 s (x =41.43 + 22.69; 
n = 10). Call repetition rate was measured as 0.012— 
0.048/s (x = 0.030 + 0.013; n = 10). The calls exhibit 
a parallel frequency band with dominant frequency 
ranging from 9,733—10,250 Hz (x = 9967 + 197; n= 10). 
The calls generally (7 = 10) contain a pulsatile note with 
indistinguishable amplitude modulation present on either 
end of the call and 2—3 distinctly separated pulses in its 
center, immediately followed by either 1—2 additional 
pulses or a fused pulse. Pulses per note ranged from 3—5 
(x =4.1 + 0.6; n= 10). Pulse rate varied from 28-46/s (x 
= 36 + 6; n= 10). In each call, there is a slight increase 
in the dominant frequency with time. Call bandwidth 
ranged from 4,565 Hz (x = 4,814 + 125; n= 10) to 5,426 
Hz (kK =5,359 +57; n= 10) with a dominant frequency of 
4,737-5,254 Hz (K = 5,082 + 161; n= 10). 

Among species closely related to N. balionotus, the 
calls of N. manduriacu (Guayasamin et al. 2019) and N. 
grandisonae (Hutter et al. 2013) have been described. 
The call of N. balionotus is differentiated mainly by 
having a lower number of pulses per note, with 3-5 (x = 
4.1+0.6;n=10)inN. balionotus, versus 8—12 (x = 10.33 
+ 1.366) in N. manduriacu; a longer intercall duration of 
20.9-84.2 s (x = 41.4 + 22.7; n= 10) in N. balionotus, 
versus 3.9-8.6 s (x =5.72 + 1.82) in N. manduriacu; and 
a higher dominant frequency of 4,737—5,254 Hz (x = 
5,082 + 161; n=10) in N. balionotus versus 4,052—-4,447 
Hz (X = 4,267 + 118) in N. manduriacu and 3,100—4,048 
Hz (3,587 + 189 Hz; n = 417) in N. grandisonae. The 
calls of N. balionotus and N. manduriacu do not exhibit 
harmonics, while the call of N. grandisonae does exhibit 
harmonics. Nymphargus balionotus contains a parallel 
frequency band while no parallel frequency bands are 
exhibited in either N. manduriacu or N. grandisonae. 


Pattern, color, and size variation. Adding to the 
description of color in life by Duellman (1981): dorsum 
of adults lime-green to metallic-green, with rust or 
brown-copper stripes from the posterior of the eyes to 
one- to two-thirds down the length of the dorsum, and 
a chevron between the anterior interorbital region; 
prominent rust to brown-copper blotches or moderate to 
sparse stippling may also be present; few to many dark 
splotches scattered on dorsal surfaces of the back, arms, 
and legs; 1—2 bright yellow mid-dorsal spots may or may 
not be present; a bright yellow spot (or blotch) always 
present on the upper-eyelids (Figs. 3, 5). Measured adult 
males had an SVL of 19.0—21.0 mm (n = 6) and females 
21.7—22.0 mm (n = 2); metamorphs measured 11.7 and 
15.4 mm. Adults do not appear to demonstrate sexual 
dimorphism in size or color, however males are easily 
determined by the presence of a humeral spine (Fig. 3). 


Diversity. Glassfrog diversity is exceptionally high at 


RMR, with nine total species documented. Syntopic 
centrolenid species with N. balionotus at streams within 
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RMR include: Centrolene  peristicta, Espadarana 
prosoblepon, Hyalinobatrachium valerioi, Nymphargus 
manduriacu, and Sachatamia orejuela;, one species was 
recorded syntopically on the stream outside the reserve: 
Espadarana prosoblepon. Three other glassfrog species 
are found at RMR (Centrolene ballux, Cochranella sp., 
and Nymphargus grandisonae), however these species 
have only been recorded at the upper reaches of the 
reserve near the western ridgeline of the canyon. Only 
Centrolene peristicta has been found at both the lower 
and upper reaches of RMR (1.e., at 1,200—1,800 m). 


Discussion 


The records reported here from the Rio Manduriacu 
Reserve represent the first observations of N. balionotus 
in 13 years, as well as the first documentation of a 
reproducing population in over three decades (IUCN 
SSC Specialist Group 2020). In fact, the population at 
RMR is currently the only known extant population 
of this rare glassfrog, and is the first to range within a 
protected area. Moreover, these records include repeated 
same-site observations spanning nearly two years (..e., 
February 2018, March 2019, November/December 
2019), and comprise the first observations of egg masses 
and metamorphs of N. balionotus, indicating that the 
population is currently healthy. 


Natural history and distribution at the Rio 
Manduriacu’ Reserve. Although members _ of 
Nymphargus are known to deposit their egg masses 
on the tops of leaves overhanging water, N. balionotus 
appears to instead utilize the underside of leaves, similar 
to Hyalinobatrachium spp. and some other species 
(Fig. 3; e.g., Centrolene antioquiensis, C. peristicta, 
C. notosticta, Teratohyla spinosa, Guayasamin et al. 
2009; Salgado and Guayasamin 2018). Considering 
that most of the five glassfrog species syntopic with N. 
balionotus at RMR utilize the January—March wet season 
for breeding—only Sachatamia orejuela has not been 
observed breeding during this time-frame at RMR— 
perhaps this character is the result of niche partitioning in 
this N. balionotus population. For example, Espadarana 
prosoblepon and N. manduriacu, which are known to 
deposit egg masses on the tops of leaves, have been 
observed breeding at similar heights above the water and 
on vegetation in close proximity to calling males of N. 
balionotus (Guayasamin et al. 2019). 

The distribution of N. balionotus at RMR is also 
notable. Despite the moderate size and broad elevational 
gradient encompassed at RMR, records from within 
and just outside of the reserve are highly limited in area 
and elevation, and are restricted to streams within old 
growth forest. Surprisingly, surveys on a number of other 
streams at higher and lower elevations, and more interior 
in the canyon, did not yield additional records. In fact, 
there were no observations of N. balionotus on 76% of 
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the surveyed streams. Perhaps the species is more widely 
distributed at RMR, but in areas that we were unable to 
sample due to the challenging landscape. Furthermore, 
considering that research trips prior to the February 2018 
expedition had a strong emphasis on stream surveys—a 
result of the rediscovery of the Critically Endangered 
obligate stream associate, Rhaebo olallai—tt is odd that 
N. balionotus was not documented during earlier surveys 
along the same streams in RMR where we now know they 
occur. Perhaps differences in weather conditions were a 
contributing factor, as a majority of the current records 
(85%) correspond to the January-March wet season. 
The remaining 15% of observations made during late 
November and December 2019 could also correspond to 
similar rainfall typical of the wet season, however site- 
specific weather data at RMR is unfortunately lacking. 
Continued research at RMR and the ability to collect 
temporal data across seasons and years is necessary in 
order to understand the relationship between behavioral 
patterns of N. balionotus with seasonal shifts 1n weather. 


Literature review, with emphasis on Colombian 
specimens. Colombian records of N. balionotus are 
problematic. The first notable issue is the difficulty 
in identifying where the single specimen from the 
department of Cauca was actually collected. Information 
associated with KU 145084 indicate it was collected from 
El Tambo at an elevation of 800 m (see VertNet 2019); 
however, elevations within the vicinity of El Tambo are 
~1,500 m at the lowest point. Furthermore, El Tambo is 
situated within the inter-Andean valley as opposed to the 
western versant of the Cordillera Occidental, where N. 
balionotus is otherwise known to occur. Duellman (1981) 
presumably realized this issue in referencing a general 
locality of “La Costa,” while omitting any reference to 
El Tambo. However, if Duellman intended for La Costa 
to reference a specific locality, which is unclear, we were 
unable to identify a location by that name within Cauca. 
The nearest area corresponding to 800 m elevation 
and the correct versant of the Cordillera Occidental is 
situated ca. 30 km west of El Tambo, between Huisito 
and Cocal, Cauca. We suspect that this is approximately 
the area in which the specimen was actually collected. 
Further complicating the issue, “El Tambito” has been 
erroneously reported as its locality in numerous accounts 
(Bolivar et al. 2004; Stuart et al. 2008; Guayasamin and 
Frenkel 2018). Regardless, the site of collection for KU 
145084 should be considered imprecise. 

Information pertaining to specimens collected from 
the department of Valle del Cauca is also conflicting 
and difficult to follow. When Ruiz-Carranza and Lynch 
(1991) combined the taxon with Cochranella due to the 
absence of humeral spines in males, they contradicted the 
description of the same character by Duellman (1981). 
The authors presumably arrived at this conclusion by 
either analyzing new Colombian material or reassessing 
the type series, but a justification was never provided. 
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The answer was subtly revealed five years later when 
a series of nine previously unreported specimens of C. 
balionota appeared in the list of examined material for a 
new species of glassfrog described by the same authors 
(Lynch and Ruiz-Carranza 1996). Nevertheless, the 
localities of these specimens remained unpublished. The 
first account to broadly indicate where these specimens 
were collected, albeit vaguely, was by Ruiz-Carranza et 
al. (1996), as they reported C. balionota from Ecuador 
up to 4 °N, at 400—800 m, which indeed corresponds to a 
latitude encompassing much of the Department of Valle 
del Cauca. That was also the first account to report an 
elevation other than 800 m from Colombia, providing 
further evidence of a new locality for the species. 
Campamento Chancos was not reported as a locality for 
C. balionota (= N. balionotus) in Colombia until another 
eight years later by Lynch and Suarez-Mayorga (2004), 
which has remained the only peer-reviewed account to 
do so. 

Adding to the perplexing obscurity of the specimens 
from Campamento Chancos, fundamental data such 
as who collected the material, the date of collection, a 
habitat description, behavior, gender, and geographic 
coordinates of the collection site have all been omitted 
from the literature, thereby leaving a number of gaps in 
basic knowledge about these specimens, including the 
date at which N. balionotus was last seen in Colombia. 
Therefore, instead of largely adding to what is known 
about the species, published accounts pertaining to 
these specimens have arguably done more to sow 
confusion about this population and where the site of 
collection is located, while complicating the ability 
to properly evaluate the threatened status of this rare 
species (IUCN SSC Specialist Group 2020). In fact, the 
omissions of relevant data and the lack of clarity have 
led to a number of errors in published accounts of N. 
balionotus by others (Acosta-Galvis 2000; Bolivar et al. 
2004; Cisneros-Heredia and Yanez-Mufioz 2007; Stuart 
et al. 2008; Guayasamin and Frenkel 2018). Although 
this circumstance potentially reflects the nature of the 
specimens themselves, this also is never made clear 
by authors that have specifically reported on these 
specimens (1.e., Ruiz-Carranza and Lynch 1991; Lynch 
and Ruiz-Carranza 1996; Ruiz-Carranza et al. 1996; 
Lynch and Suarez-Mayorga 2004). 

Nevertheless, a lack of information associated with 
the specimens from Campamento Chancos does not 
appear to be the case. Campamento Chancos is evidently 
the type locality for the Red-thighed Thin-toed Frog, 
Leptodactylus rhodomerus, and the type series was 
collected at this site by John D. Lynch in May and 
June 1983, and by Juan Manual Renjifo in February 
1984 (Heyer 2005). The geographic coordinates for 
Campamento Chancos are reported as 3°57’N, 76°44’ W 
(Heyer 2005), and more specific coordinates are 
provided by Ortega-Andrade (3°57°47”N, 76°44’07°W; 
2008). We are confident that these data also correspond 
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to the specimens of C. balionota, as the 460 m elevation 
reported by Heyer (2005) is identical to that in Lynch 
and Suarez-Mayorga (2004), and museum numbers 
of both series of specimens are closely associated (L. 
rhodomerus: ICN 13320—23; C. balionota: ICN 13105— 
13, see Lynch and Ruiz-Carranza 1996). Other amphibian 
species reported in the literature from Campamento 
Chancos—presumably collected during the same time- 
frame based on museum numbers—are endemic to the 
Chocoan lowlands: Agalychnis spurrelli, Cruziohyla 
calcarifer, and Strabomantis necerus (Ortega-Andrade 
2008; Ospina-Sarria et al. 2015). A search for these latter 
specimens in the ICN collections database confirmed this 
connection, and it was also discovered that just one of 
the C. balionota specimens reported by Lynch and Ruiz- 
Carranza (1996) has been accessioned in the database as 
of this writing (ICN 13113; http://biovirtual.unal.edu.co/ 
es/colecciones/search/amphibians/, Accessed: 8 October 
2019); but, notably, our initial search failed to find the 
specimen because it lacked an identification any more 
specific than “Centrolenidae.” 

Based on current Landsat imagery of the geographic 
coordinates viewed in Google Earth, specimens of WN. 
balionotus from Campamento Chancos were collected 
in primary Chocoan Tropical Rainforest near the Rio 
Colima, just ~3 km south of the border with the Choco 
Department. Although relatively little anthropogenic 
disturbance is evident in the surrounding area, a network 
of forest clearings along the Rio Colima exists just 2 km 
to the southwest of the collection site. Ospina-Sarria et al. 
(2015) indicate that the status of amphibian populations 
from Campamento Chancos are difficult to determine 
due to the site being in a region with “problems of public 
order,’ which suggests that surveys have likely not been 
conducted there since 1993 based on the most recent 
collection date for material from this locality in the ICN 
database. 

In addition to limited data on these specimens, new 
material for N. balionotus from Colombia has not 
been reported in recent decades. Therefore, it is not 
currently possible to resolve whether the population 
from Campamento Chancos is representative of a lineage 
distinct from those in Ecuador, as Cisneros-Heredia and 
McDiarmid (2006) suggest. However, it is plausible that 
this scenario is correct based on available information. 
In addition to lacking humeral spines, the records from 
Campamento Chancos are well separated from, and 
substantially lower in elevation than all other specimens. 
In fact, the discrepancy in elevational range between 
Ecuadorian and Colombian populations is so distinct 
that if Bernal and Lynch (2008) had conducted their 
analysis of anuran richness and elevational distribution 
patterns in Ecuador as well, N. balionotus would have 
been categorized in an entirely different assemblage from 
that in Colombia, and without overlap (1.e., assigned 
to the Andean assemblage as opposed to the lowland 
assemblage). Likewise, Ospina-Sarria et al. (2010) would 
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have excluded the taxon from the list of centrolenids of 
the Pacific lowlands. 


Conservation status and conclusions. When the global 
threatened status for N. balionotus was first assessed in 
2004, it was determined to be Vulnerable to extinction 
according to IUCN criteria (VU; Bolivar et al. 2004). 
That assessment was based in part on the belief that 
N. balionotus was “reasonably common” in Colombia, 
and with a range that included a relatively large area 
of potential habitat along the Cordillera Occidental 
in the departments of Cauca and Narifio (Bolivar et 
al. 2004). However, and possibly stemming from 
the aforementioned issues in the literature, it appears 
the assessment regarded the Campamento Chancos 
individuals as specimens from “El Tambo” instead of 
their actual site of collection nearly 200 km further 
north in the Valle del Cauca Department; and it is also 
unclear if the assessors realized that no individuals 
had been reported from Campamento Chancos since 
1984. To date, no specimens have been reported from 
the department of Narifio, Colombia. In Ecuador, the 
assessment had only accounted for the population from 
the type locality in Pichincha Province, as the single 
records from the provinces of Carchi and Cotopaxi were 
not reported until years after they were collected, 1.e., 
Carchi specimen: collected in 1984, first published by 
Cisneros-Heredia and Yanez-Mufioz (2007); Cotopaxi 
specimen: collected in 2005, first published by Arteaga 
et al. (2013). 

A reassessment of the threatened status of N. 
balionotus has determined it to be Endangered (EN; 
IUCN SSC. Specialist Group 2020). Ecuadorian 
populations from Mindo and Cabeceras del Rio Baboso 
are likely extirpated based on surveys in those areas 
since the initial records (Ron et al. 2011, 2015), as well 
as the Campamento Chancos population in Colombia 
(see above). The population from El Tambo was also 
not included in its current distribution (i.e., Presence 
Uncertain) considering the record 1s from over 80 years 
ago (IUCN SSC Specialist Group 2020). Therefore, only 
the populations from RMR and Rio Lomapi are known to 
represent its current distribution, however the Rio Lomapi 
site does not appear to have been resurveyed since the 
initial record from 2005. Considering that suitable 
habitat is likely available between its known localities 
in both Colombia and Ecuador, it is unclear as to why N. 
balionotus 1s so uncommon at the sites from which it has 
been observed, or why it has disappeared from the type 
locality near Mindo, where habitat modification is not 
considered to be the cause for its disappearance (Ron et 
al. 2011). Therefore, it is critical to implement programs 
to closely monitor and further study the population at 
RMR. Also, and in light of the substantial rise in mining 
activity around its range (Roy et al. 2018), efforts to 
identify additional populations in the region should be 
prioritized. 
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If future surveys demonstrate that N. balionotus 
at RMR is indeed restricted to the general areas of 
observation, and is also sensitive to climatic shifts, the 
future of this population is likely precarious. That is, all 
of our records are within the lower half of each slope 
of the canyon (i.e., closer to the floor of the canyon), 
which is also the most susceptible area of the canyon to 
anthropogenic disturbance. If suitable breeding habitat 
for N. balionotus 1s restricted to streams within old growth 
forest inside of a relatively narrow elevational band (as 
our data suggests), its distribution within RMR, and the 
canyon as a whole, is limited and quickly disappearing 
on the eastern side of the canyon. 

Moreover, and even though a majority of our records 
are from within the reserve, the future of this population— 
and those of other threatened taxa at RMR—is uncertain 
due to mining prospects in the canyon. Attempts to 
illegally access RMR by a subsidiary of the mining 
company, BHP Billiton, have continued as of August 2019. 
A community project initiated by Fundacién EcoMinga 
in the adjacent community of Santa Rosa de Manduriacu 
aims to engage and connect community members with 
the unique biological resources and opportunities in the 
reserve, as well as develop creative enterprises within 
the community. Fortunately, this project has already 
helped to encourage community empowerment. During 
an attempt by the mining company to access RMR in 
August 2019, community members came together to 
assert their position that mining personnel will no longer 
be able to bypass the necessary lines of communication 
and documentation to gain access to either the reserve or 
their private property. 

Furthermore, BHP Billiton has an established alliance 
with Conservation International, which is predicated 
on, “preserving land of high conservation value in key 
regions where BHP operates” (https://www.conservation. 
org/corporate-engagements/bhp-billiton, Accessed: 18 
January 2020). With the addition of N. balionotus at 
RMR, the reserve now contains the only known extant 
populations of four amphibian species (Lynch et al. 2014; 
Guayasamin et al. 2019; Reyes-Puig et al. 2020), harbors 
15 threatened amphibian and nine reptile species (1.e., 
IUCN Red List status of VU, EN, or CR; RJM, unpub. 
data), anew species of Magnolia and multiple undescribed 
orchids (M. Monteros and L. Jost, pers. comm.), a new 
species and genus of rodent (J. Brito and J. Robayo, 
pers. comm.), and a number of threatened bird and 
mammal species (J.M. Loaiza, pers. comm.), including 
the Critically Endangered = Brown-headed Spider 
Monkey (Afeles fusciceps). Considering that these data 
emphatically demonstrate the exceptional conservation 
value of this river canyon, we hope to establish a line 
of communication between our collaborative group of 
researchers with representatives from both members of 
the BHP-—Conservation International alliance so as to 
bring attention to this issue and develop a management 
plan designed to permanently protect the Rio Manduriacu 
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Reserve and the buffer around it. Otherwise, and if 
parallel circumstances experienced in neighboring 
regions are an indicator for what is to come for both the 
local people and the population of N. balionotus, their 
collective futures indeed hang in the balance (Roy et al. 
2018). 
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Abstract.—Vague geospatial biodiversity data can lead to confusion regarding the biogeography of poorly- 
known species, and also complicate efforts for their conservation. The Guatemalan Palm-pitviper, Bothriechis 
bicolor (Squamata: Viperidae), a striking yet rarely encountered inhabitant of wet Middle American montane 
forests, offers a case study germane to this problem. Using a literature- and specimen-based review coupled 
with novel field observations, this study shows that despite the high-profile status of B. bicolor, much of the 
current understanding of its distribution is conflicted. The results of this review clarify the lack of records for B. 
bicolor from Honduras, underscore its existence on both the Pacific and interior (Gulf of Mexico) slopes of the 
Sierra Madre de Chiapas, call into question its presumed minimum occupied elevation, and indicate a 68-km 
range extension into a Biosphere Reserve. Based in part on these findings, we recommend that B. bicolor be re- 
categorized as Vulnerable (criteria A4c+B1ab{iii]+B2ab[iii]) under the International Union for the Conservation 
of Nature Red List of Threatened Species. Several ambiguous localities for B. bicolor have helped to cloud 
both historical and contemporary conceptualizations of the distribution of this species, highlighting issues 
that often confront biodiversity scientists. Simple approaches for optimizing representations of the geographic 
range of a species are thus presented. 


Keywords. Bothriechis bicolor, georeferencing, Guatemala, Honduras, Mexico, Viperidae 


Resumen.—Datos geoespaciales vagos de biodiversidad pueden generar confusion sobre la biogeografia de 
especies poco conocidas, y también complicar su conservacion. La vibora de foseta de palma Guatemalteca 
Bothriechis bicolor (Squamata: Viperidae), un habitante Ilamativo pero rara vez encontrado de los bosques 
montanos humedos mesoamericanos, ofrece un estudio de caso representativo de este problema. Usando 
una revision basada en la literatura y en especimenes, junto con nuevas observaciones de campo, mostramos 
que a pesar del estado de alto perfil de B. bicolor, gran parte de la comprension actual de su distribucion 
esta en conflicto. Nuestros resultados aclaran la falta de registros de B. bicolor en Honduras, enfatizan su 
existencia en las vertientes tanto del interior (Golfo de Mexico) como del Pacifico de la Sierra Madre de 
Chiapas, cuestionan su supuesta elevacion minima ocupada, y corroboran una extension de su area de 
distribucion de 68 km en una Reserva de la Biosfera. Basandonos en parte en estos resultados, recomendamos 
que el estatus de B. bicolor se actualice a Vulnerable (criterios A4c+B1ab[iii]+B2ab[iii]) en la Lista Roja de 
Especies Amenazadas de la Union Internacional para la Conservacion de la Naturaleza. Varias localidades 
ambiguas para B. bicolor han contribuido a oscurecer las conceptualizaciones historicas y contemporaneas 
de la distribuciOn de esta especie, destacando los problemas que a menudo enfrentan los cientificos de 
la biodiversidad. Por lo tanto, se presentan enfoques simples para optimizar las representaciones de la 
distribucion geografica de una especie. 
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Introduction 


Detailed understanding of the distribution of a species is 
vital for the accurate interpretation of its natural history, 
biogeography, and conservation needs (Boitaniet al. 2011; 
Bloom et al. 2017). Museum records are a key subset of 
global biodiversity data (Graham et al. 2004; Newbold 
2010; Holmes et al. 2016; Rios-Mufioz and Espinosa- 
Martinez 2019). Like all datasets, however, museum 
collections can contain problematic records. In particular, 
historical vouchers collected prior to the availability of 
field GPS technology often lack sufficiently descriptive 
locality data (Murphey et al. 2004; Wieczorek et al. 
2004; Newbold 2010; Bloom et al. 2017). Such vague 
locality data can influence the accuracy of downstream 
analyses such as species distribution models, although 
that influence is often minimal and can be modulated 
(Graham et al. 2008; Velasquez-Tibata et al. 2016). 
Modeling applications aside, imprecise or even erroneous 
characterizations of species distributions can also occur, 
including for rarely seen species (Peterson and Nieto- 
Montes de Oca 1996; Ervin et al. 2013; Mendelson et al. 
2016; Correa Q 2017). These problems can be especially 
prevalent in understudied tropical areas, and sometimes 
remain unaccounted for by the contemporary scientific 
community. This reality necessitates both periodic updates 
for poorly studied species, and occasional reminders for 
careful scholarship and record-keeping (Clause et al. 
2016; Reyes-Velasco and Ramirez-Chaparro 2019; Rios- 
Mufioz and Espinosa-Martinez 2019). 

The Palm-pitvipers (Squamata: Viperidae: Bothriechis) 
are a Western Hemisphere clade that exemplifies many of 
these issues. Ranging from southern Mexico to northern 
South America, the 11 described species of Bothriechis 
are semi-arboreal, usually occupy wet highland forests, 
and have diversified largely in allopatry (Campbell 
and Lamar 2004; Mason et al. 2019). As colorful, 
visually striking snakes with medically-relevant venom, 
Bothriechis are high-profile animals among many human 
communities (Luna-Reyes and Suarez-Velazquez 2008; 
Meléndez 2008; Auliya et al. 2016). Nonetheless, authors 
have long lamented the paucity of Bothriechis samples 
available for study, and the geographic ranges of many 
species suffer from ambiguity (Bogert 1968; Jiménez- 
Lang et al. 2002; Townsend et al. 2013). 

Within this genus, the scientific understanding of the 
Guatemalan Palm-pitviper, Bothriechis bicolor (Bocourt 
1868), is particularly poor and outdated. Reported only 
from a handful of localities in mesic montane forests of 
Nuclear Central America, most research on this enigmatic, 
colorful species relates to its taxonomy (see Campbell 
and Lamar [2004] for a synonymy) or evolutionary 
history (reviewed by Mason et al. [2019]). Importantly, 
the B. bicolor literature also includes old statements that 
warrant clarification. Published sources offer differing 
assertions regarding which Central American countries 
B. bicolor occupies, whether it occurs within interior 
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(Gulf of Mexico) drainages, and its presumed elevational 
range. Moreover, the two most recent dot-locality range 
maps for the species are over 10 years old and need to 
be updated (Campbell and Lamar 2004; Kohler 2008). 
These two maps, which show B. bicolor occurring only 
in Mexico and Guatemala, are also contradicted by 
more recent polygon-based range maps (Campbell and 
Mufioz-Alonso 2014; Mason et al. 2019) that show B. 
bicolor occuring broadly in Honduras. 

The objective of this contribution is to resolve these 
ambiguities in the known geographic distribution of 
B. bicolor by reviewing the literature and museum 
collections, supplemented with unpublished records 
from the authors and others. The findings of this review 
are then leveraged to re-evaluate the International 
Union for the Conservation of Nature (UCN) Red List 
categorization for this little-known species, and attention 
is drawn to some common inaccuracies in biodiversity 
data and how to mitigate them. 


Materials and Methods 


To assemble museum-vouchered locality information, 
the online VertNet specimen portal (http://vertnet. 
org/) was queried together with the specimen holdings 
of the Coleccién Zooldgica Regional of the Secretaria 
de Medio Ambiente e Historia Natural (CZR-HE, also 
as IHNHERP), the Museo de Zoologia “Alfonso L. 
Herrera,” Facultad de Ciencias, Universidad Nacional 
Autonoma de México (MZFC-HE), and the Coleccion 
Herpetologica of El Colegio de la Frontera Sur, San 
Cristobal de Las Casas (ECO-SCH). For certain 
problematic records, institutional curators or the collector/ 
observers were contacted directly to seek additional data 
for those records. Queries directed to the Coleccion 
Nacional de Anfibios y Reptiles, Instituto de Biologia, 
Universidad Nacional Autonoma de México (CNAR), 
and to the online citizen science platforms iNaturalist and 
HerpMapper, did not return novel data. Subsequently, 
this dataset was cross-referenced with literature-based 
information. These sources were identified from queries 
of ISI Web of Science using the Latin name of B. bicolor 
and all synonyms as search terms. For pre-existing 
museum records that were not previously published in 
the literature, written permission was obtained from all 
living original collectors to release their records herein. 
Localities identified from these museum- and literature- 
based searches were georeferenced using the Mapa 
Digital de México, PueblosAmerica, and GifeX online 
platforms following the point-radius georeferencing 
protocol described by Wieczorek et al. (2004). Each 
unique locality is defined as being at least 1 airline km 
from any other locality. To accommodate this geospatial 
filter in cases of closely clustered records, only the most 
centrally-located record was selected for reporting herein 
as a locality. Conversely, when elevation data for multiple 
records from the same mountain clearly segregated those 
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records by over | airline km, they were considered to be 
separate localities. 

This dataset was supplemented with the authors’ 
personal field records for B. bicolor obtained from 2004— 
2019. Some of these records were mentioned previously 
(Luna-Reyes 1997, 2019), but detailed, vouchered 
information for them is provided here for the first 
time. For all records, one or more digital photographic 
vouchers were deposited at the Los Angeles County 
Museum of Natural History (LACM PC; where the PC 
indicates “photo collection’). When possible, physical 
voucher material was also deposited at the MZFC-HE, 
including both liver tissue preserved in 95% ethanol, 
and a whole-body specimen fixed in a 10% dilution (by 
volume) of 37% formalin and preserved in 70% ethanol. 
Animal collection and handling were authorized under 
SEMARNAT permit #FAUT-0093 issued to Adrian 
Nieto-Montes de Oca, and UGA IACUC AUP #A2016 
02-001-Y2-A0. All novel material was diagnosed as B. 
bicolor based on the presence of 27 or more interrictal 
scales (Campbell and Smith 2000). 

The World Database on Protected Areas (available 
from Protected Planet at http://www.protectedplanet.net) 
was used to determine which georeferenced localities 
for B. bicolor lie within a government protected area. 
The IUCN Red List categorization of B. bicolor was 
then re-evaluated using guidelines available from the 
IUCN Standards and Petitions Committee (2019). For 
geographic range calculations, a minimum convex 
polygon was drawn around all geospatially explicit B. 
bicolor localities to estimate the extent of occurrence 
of the species, and all grid cells containing one or more 
of these localities were summed across a 2 x 2 km 
grid to estimate the area of occupancy of the species. 
Additionally, the Environmental Vulnerability Score 
(EVS) for B. bicolor (see Johnson et al. 2015a) and its 
national protected status in both Mexico (SEMARNAT 
2010) and Guatemala (CONAP 2009) were revisited. 
Because B. bicolor is commercially desirable (Meléndez 
2008; Auliya et al. 2016), reported locality data were 
obscured by rounding GPS coordinates to the nearest 
hundredth of a decimal degree. 


Results 


Seven potential Guatemalan and Mexican localities were 
conservatively excluded from the results reported below, 
due to suspect or imprecise data. All seven localities are 
also omitted from Table 1, and four are omitted from Fig. 
1 while the remaining three are indicated with question 
marks. The type locality for B. bicolor, and the potential 
minimum elevation for the species, are included among 
these records, emphasizing their scientific importance. 
Given this importance, the problems associated with 
all seven localities are thoroughly reviewed in the 
Discussion section. 

Based on the literature- and specimen-based review, 
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29 geospatially explicit, independent localities exist for B. 
bicolor. These localities are distributed across the Sierra 
Madre de Chiapas mountain range in southern Mexico (18 
localities) and southwestern Guatemala (11 localities) from 
900-2,090 m asl (Fig. 1, Table 1). In Mexico, records exist 
only from the state of Chiapas, while in Guatemala records 
exist from the departments of Chimaltenango, Escuintla, 
San Marcos, Solola, and Suchitepéquez. Campbell and 
Smith (2000) inadvertently listed B. bicolor specimens 
from Volcan de Atitlan, department of Suchitepéquez, as 
having originated from the department of Sacatepéquez. 
Additionally, Meléndez (2008) implied that the species 
is known from both the Sacatepéquez and Guatemala 
departments. Although we suspect that B. bicolor does, in 
fact, occur in these two departments, this remains unverified. 
Historical records for B. bicolor also exist for Honduras, 
but these records are all now attributed to a congener that 
was described 20 years ago (Campbell and Smith 2000). 
The conflicted literature surrounding this issue 1s covered in 
detail in the Discussion section. 

All 11 Guatemalan localities for B. bicolor lie in Pacific 
drainages. However, in Mexico 11 of the 18 localities 
for the species (61%) occur on interior slopes facing the 
Central Depression of Chiapas that eventually drain into 
the Atlantic via the Gulf of Mexico (Table 1). These 11 
localities occur at distances up to 11 airline km (mean = 
2.8 airline km) from the Continental Divide, which runs 
along the spine of the Sierra Madre de Chiapas. 

Of the 29 total localities summarized above, 14 are 
reported here for the first time (Fig. 1, Table 1). These 
novel records, which originate from unpublished 
museum specimens and the recent field expeditions of the 
authors, lie within several large gaps which existed in the 
previously known range of B. bicolor. More importantly, 
they also extend the range of the species 68 km to the 
northwest, and represent the first vouchered records 
from the federally protected Reserva de la Bidsfera La 
Sepultura and Reserva de la Bidsfera Volcan Tacana 
(Campbell and Mufioz-Alonso 2014). 

Including these two biosphere reserves, five Mexican 
protected areas and one Guatemalan protected area with 
at least one verified record of B. bicolor were identified. In 
total, 62% of all verifiable B. bicolor localities lie within 
a protected area. This figure is likely an underestimate, 
however, because imprecise locality data for three other 
records prevented confirmation of whether they lie within 
or just outside of a reserve (Table 1). 

Despite the majority of B. bicolor populations 
occurring in protected areas, we _ conservatively 
recommend re-categorizing the species as Vulnerable 
(criteria A4c+B 1 abfiii|]+B2ab[iii]) on the IUCN Red List 
of Threatened Species, and code this category change 
as Nongenuine: New information (IUCN Standards 
and Petitions Committee 2019). This is a two-category 
jump compared to the prior evaluations of this species 
in 2007 and 2012 as Least Concern (Campbell and 
Mufioz-Alonso 2014). For unknown reasons, Acevedo et 
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0 4220 


Fig. 1. Geographic distribution of the Guatemalan Palm-pitviper, Bothriechis bicolor, based on a review of the literature and 
museum collections. Circles indicate previously published records, diamonds indicate new records, and question marks approximate 
the locations of selected problematic records discussed in the text. The easternmost question mark represents the type locality for B. 
bicolor. The inset illustrates specimen MZFC-HE 33491 (juvenile, snout-vent length 322 mm) in life. 


al. (2010) reported the species as Near Threatened. Our 
proposed IUCN Vulnerable re-categorization agrees with 
a suggestion by Johnson et al. (2015a), but unlike those 
authors, we base our recommendation on the IUCN Red 
List criteria. In the Discussion section, we justify our 
assumptions and decisions in the context of those criteria. 
The IUCN recommendation offered here is congruent 
with the most recently published Environmental 
Vulnerability Score (EVS) for this species of 14 out 
of 20, which is at the lower boundary of the High 
Vulnerability category (Johnson et al. 2015a). Among the 
EVS values published earlier for B. bicolor (Acevedo et 
al. 2010; Wilson et al. 2013; Johnson et al. 2015b), only 
the Guatemala-specific work by Acevedo et al. (2010) 
offers a different evaluation (EVS of 15). Our IUCN 
recommendation is also congruent with the governmental 
imperiled species listings that carry legal weight 
across the range of B. bicolor. In Mexico, B. bicolor is 
categorized as Amenazada (Threatened) [SEMARNAT 
2010], and in Guatemala it 1s considered a Category 3 
species under the Listado de Especies Amenazadas (List 
of Threatened Species) [CONAP 2009]. We recommend 
no changes to the EVS, SEMARNAT, or CONAP listings 
for B. bicolor at this time. 
Discussion 
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Ambiguity in the Distribution of B. bicolor 


This study highlights the ambiguity that can exist 
concerning species distributions. This ambiguity 
can potentially lead to erroneous biogeographical 
conclusions, and complicate conservation assessments. 
By exploring these issues as they relate to B. bicolor, 
several sources of ongoing scholarly confusion are 
resolved and the need for greater awareness of problems 
associated with imprecise biodiversity information are 
highlighted. 

Perhaps the greatest ambiguity in the literature 
associated with B. bicolor is whether the species is 
known from Honduras. Historically, many authors placed 
the species in Honduras (Bogert 1968; Meyer and Wilson 
1971; Wilson and Meyer 1982; Wilson 1983; Wilson and 
Meyer 1985; Campbell and Lamar 1989; Crother et al. 
1992; Wilson and McCranie 1994; McDiarmid et al. 
1999). However, all Honduran material ascribed to B. 
bicolor by these authors was subsequently referred to the 
newly described species B. thalassinus (Campbell and 
Smith 2000). No new Honduran Bothriechis material has 
since been forthcoming other than Honduran populations 
announced as the newly described species B. guifarroi, 
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together with a possibly undescribed species (Townsend et 
al. 2013). The taxonomic validity of either B. thalassinus 
or B. guifarroi has never been questioned in the literature. 
As such, although a number of authors (Taggart et 
al. 2001; Wilson and McCranie 2002; Campbell and 
Mufioz-Alonso 2014; Pla et al. 2017; Mason et al. 2019) 
later attributed Honduran populations of B. thalassinus 
to B. bicolor, they either universally overlooked the 
description of B. thalassinus or mistakenly considered 
the two species roughly sympatric in Honduras. All other 
recent works (Kohler 2008; Castoe et al. 2009; Townsend 
and Wilson 2010; Wilson and Johnson 2010; McCranie 
2011; Townsend et al. 2013; Solis et al. 2014; Wallach et 
al. 2014; McCranie 2015) have not recognized B. bicolor 
as a member of the Honduran herpetofauna. Importantly, 
these works include all modern, authoritative treatments 
and checklists of the Honduran snake assemblage 
(Townsend and Wilson 2010; McCranie 2011; Solis et 
al. 2014; McCranie 2015). Given the uncontroversial 
transfer of all Honduran 8B. bicolor material to the 
binomial B. thalassinus by Campbell and Smith (2000), 
and given that no Honduran B. bicolor vouchers have 
since been reported, we here affirm that B. bicolor is 
undocumented from Honduras. The nearest B. bicolor 
vouchers (Finca Rosario Vista Hermosa, Table 1) were 
obtained ca. 150 airline km west of the Honduras border. 

Another major ambiguity relating to the geographic 
distribution of B. bicolor is the comparatively large 
number of problematic localities that have been treated 
inconsistently in the literature. Supplementing brief 
coverage by Bogert (1968), these seven problematic 
localities are discussed below because they encapsulate 
issues commonly posed by geographic data. 

Bocourt (1868) gave the type locality for B. bicolor 
as “Des foréts de Saint-Augustin, département de Solola 
(Guatémala), sur le versant occidental de la Cordillere. 
610 metres d’altitude.” Nonetheless, only a tiny corner 
of the department of Solola lies at 610 m asl. The locality 
description conceivably refers to Finca San Agustin, 
department of Suchitepéquez, ca. 550-700 m asl on the 
slopes of Volcan Atitlan, ca. 8 km south of the border 
with the department of Solola. This is consistent with 
the claim by several authors (McDiarmid et al. 1999; 
Campbell and Lamar 2004) that the type locality 
probably lies on Volcan Atitlan. However, Wallach et 
al. (2014) erroneously georeferenced the type locality 
to the department of Sacatepéquez in the urban zone of 
the city of Antigua at ca. 1,530 m asl, adding additional 
confusion to the published literature. Assuming that 
Bocourt’s types did, indeed, originate from somewhere 
on Volcan Atitlan, they are also essentially topotypic with 
a specimen from the vague locality “cuesta de Atitlan 
im westlichen Guatémala” that Muller (1877, 1878) 
used to describe “Bothrops (Bothriechis) Bernoullii” 
(see detailed discussion by McDiarmid et al. [1999]). 
Miuller’s taxon was subsequently synonymized with B. 
bicolor, but the fact remains that the provenance of the 
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types for both binomials is inexactly known. 

In Chiapas, Julia-Zertuche and Varela-Julia (1978) 
reported a record from “Colonia Eyidal Morelos, 
Mpio. de Huixtla, Chis. [...] y a unos 500 m. de altitud 
aproximadamente” as the type locality for another taxon, 
Bothriechis ornatus, that was also later synonymized with 
B. bicolor. The only community or site in the Municipio 
(Municipality) de Hurxtla with the word “Morelos” in its 
name that we could identify is the hamlet of José Maria 
Morelos, but it sits at ca. 1,350 m asl, over 3 airline km 
from the 500 m contour. To our knowledge, no other 
Bothriechis vouchers have since reached a museum 
collection from anywhere within 15 airline km of the 
Municipio de Huixtla, leaving this locality vague and 
open to interpretation. 

Three additional Chiapas localities cannot be 
confidently placed because they lack elevation data, no 
verbatim place names are identifiable, and they could 
plausibly correspond to two or more sites separated by 
over 10 airline km with imperfectly matching names. 
These three localities are as follows: “Catharinas 
(=Catarina la Grande?)” (Greene 1971), “Chicharras” or 
variations thereof (Smith 1941; Bogert 1968; Campbell 
and Lamar 2004), and “Finca La Lucha” (Greene 1971). 

Lastly, we are aware of an unvouchered 1994 sight 
record of a snake identified as B. bicolor from Rancho El 
Recuerdo in the Municipality of Jiquipilas, within what is 
now the Reserva de la Bidsfera La Sepultura. If accurate, 
this would extend the range of the species ca. 40 km to 
the NW and would halve the distance between B. bicolor 
and known populations of its congener B. row/eyi near 
Cerro Baul (Bogert 1968). In 2018 and 2019, the authors 
unsuccessfully searched for Bothriechis near Rancho 
El Recuerdo on Cerro La Palmita. Several damaging 
wildfires had recently swept through this forested region 
(Myers 2011), which might have influenced these survey 
results. However, until verifiable material reaches a 
museum, we consider the existence of Bothriechis in the 
vicinity of Cerro La Palmita uncertain. 


Ambiguity in Elevation Range and Biogeography of 
B. bicolor 


Intertwined with the problematic localities discussed 
above is ambiguity in the elevational range of B. bicolor. 
Based on material of sound provenance, the species is 
known from 900—2,090 m asl (Table 1). Yet, as indicated 
above, the problematic “Saint-Augustin” and “Colonia 
Ejidal Morelos” localities supposedly originate from 
610 and 500 m, respectively. Additionally, Crother et al. 
(1992) list a minimum elevation of 457 m for specimens 
from Finca Rosario Vista Hermosa in Guatemala, but 
this was likely in error because museum catalogue data 
for those specimens list no elevation below 1,300 m asl. 
Despite prior authors consistently accepting 500 m as the 
lower elevation limit, for reasons articulated above, we 
consider the underlying data questionable. Confirmation 
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of the geospatial validity of the seven problematic 
historical records, and thus of the true minimum 
elevation for B. bicolor, will necessitate targeted re- 
surveys. Nonetheless, this could prove particularly 
challenging because lower-elevation habitats are more 
degraded relative to those at higher elevations (Campbell 
and Lamar 2004; Campbell and Mufioz-Alonso 2014; 
Godinez-Gomez and Mendoza 2019), increasing the 
likelihood that low-elevation B. bicolor populations 
could now be extirpated. Climate change may have also 
pushed low-elevation B. bicolor populations upslope 
(Elsen et al. 2020), which would further complicate re- 
surveys to verify the lower elevation limit of the species. 

The final source of confusion relating to the distribution 
of B. bicolor is biogeographical. All published sources 
indicate a strictly Pacific-versant range for B. bicolor, 
other than Clause et al. (2016) who were the first to 
explicitly state that B. bicolor occurs on interior-draining 
(Gulf of Mexico) slopes of the Sierra Madre de Chiapas. 
However, several prior authors beginning with Luna- 
Reyes (1997) had also reported localities from the 
Atlantic versant of that mountain range (Meneses-Millan 
and Garcia-Padilla 2015; Heimes 2016). Although 
Pacific drainages still harbor the majority of B. bicolor 
localities range-wide, our results emphasize that the 
species can no longer be accurately characterized as 
having a Pacific-versant distribution, at least in Mexico. 
We encourage field workers to be attentive to the 
possibility of encountering this species on both sides of 
the Continental Divide in the Sierra Madre de Chiapas. 
Future discovery of new B. bicolor localities will likely 
further improve understanding of how widely its range 
spans the Continental Divide, as would development of 
a rigorous ecological niche model for the species (Wisz 
et al. 2008; Rios-Mufioz and Espinosa-Martinez 2019). 

More broadly, this work underscores the fact that 
the distribution of many organisms in southern Mexico 
remains poorly resolved, even at coarse spatial scales. 
The 68-km range extension for B. bicolor reported herein 
is one of several range extensions exceeding 50 km for 
highland squamates (Morales et al. 2015; Hidalgo- 
Garcia et al. 2018; Valdenegro-Brito et al. 2018) and 
salamanders (Bouzid et al. 2015; Barrio-Amoros et al. 
2016) reported in the last five years from Chiapas and 
Guatemala. Future survey efforts in remote, mountainous 
areas throughout Mesoamerica hold additional promise 
for wildlife discoveries of high biogeographical and 
conservation value. 


IUCN Status of B. bicolor 


Our recommendation to re-categorize B. bicolor from 
Least Concern to Vulnerable on the IUCN Red List of 
Threatened Species reflects advances in our understanding 
of its distribution, and the threats facing the species. We 
estimate the current extent of occurrence (EOO) and area 
of occupancy (AOO) for B. bicolor at 6,400 km? and 
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108 km’, respectively. These estimates are well within 
the minimum thresholds for Vulnerable categorization, 
which are not exceeded even if all seven problematic 
localities for B. bicolor are added. Importantly, this 
estimated AOO value actually lies within the minimum 
threshold for Endangered categorization (AOO < 500 
km’). However, we consider our estimated AOO to be 
artificially low due to the severe lack of survey effort 
across intact, remote habitat within our estimated EOO. 
To ensure that our recommendation remains robust to 
future discoveries, we consider it premature to advocate 
for Endangered categorization. Regarding population 
size, we infer a reduction exceeding 30% within three 
generations, coupled with severe fragmentation of the 
range of this species and declines in habitat quality. We 
coarsely estimate generation length as 10 years for B. 
bicolor, based on available data for Crotalus o. oreganus 
and other Bothriechis spp. (Campbell and Lamar 2004; 
Maida et al. 2018). Widespread, historical deforestation 
is continuing across the range of B. bicolor (Campbell 
and Lamar 2004; Campbell and Mufioz-Alonso 2014; 
Cortina- Villar et al. 2019; Godinez-Gomez and Mendoza 
2019; Elsen et al. 2020). This continuing forest loss 
even affects protected areas inhabited by the species, 
either because some land conversion remains legal 
within park boundaries or because socioeconomic issues 
prevent enforcement of forest protections (Figueroa and 
Sanchez-Cordero 2008; Acevedo et al. 2010; Garcia- 
Amado et al. 2013). Additionally, recent climate change 
models for the Mexican portion of the Sierra Madre de 
Chiapas forecast over 90% loss of montane cloud forest 
by 2080 (Ponce-Reyes et al. 2012; Rojas-Soto et al. 
2012). Across the entire mountain range, similar range 
reductions for hypothetical species are predicted due to 
climate change (Elsen et al. 2020). Climate change also 
exacerbates human-caused wildfires that likely impact 
western B. bicolor populations (Johnson et al. 2010; 
Myers 2011). The adaptability of B. bicolor probably 
modulates these pressures, given that it can persist in 
coffee fincas and often occupies montane moist forests 
below the cloud forest belt (Campbell and Lamar 2004; 
Acevedo et al. 2010; Johnson et al. 2010). However, fear- 
based killing of B. bicolor in coffee fincas, plus possible 
illegal collecting for the pet trade, negatively effects 
some populations to an unquantified degree. Although 
substantial uncertainty exists, we infer that observed 
and predicted habitat degradation coupled with targeted 
removal of individual snakes across the small range of 
this species justifies its threatened status. 


General Considerations 


The Sierra Madre de Chiapas, which supports only B. 
bicolor out of all recognized congeners, 1s rugged and 
biogeographically complex. The Guatemalan portion of 
the Sierra has been ascribed several alternative names 
in the literature, including the Pacific volcanic chain of 
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Guatemala (Acevedo et al. 2010; Solano-Zavaleta and 
Nieto-Montes de Oca 2018), the Volcanic Cordillera of 
Guatemala (Campbell and Lamar 1989; Mendelson 1997; 
Johnson et al. 2010; Campbell and Mufioz-Alonso 2014), 
the Guatemalan volcanic cordillera (Rovito et al. 2012), 
and the Fuegan area (Campbell and Vannini 1989). This 
volcanically-active portion of the mountain chain might 
best be considered a massif separate from the Sierra 
Madre de Chiapas. The Sierra’s regular east-west turnover 
in highland species of squamates (Campbell and Brodie 
1988; Campbell and Frost 1993; Solano-Zavaleta and 
Nieto-Montes de Oca 2018) and amphibians (Wake and 
Lynch 1976; Duellman 2001; Rovito et al. 2012) supports 
this consideration. Similar within-species geographic 
variation, and perhaps even cryptic species, could also 
exist within populations currently referred to B. bicolor. 
Most recently, Julia Zertuche and Varela-Julia (1978) 
erected the ill-diagnosed Bothriechis ornatus within the 
range of B. bicolor, but this taxon was soon questioned 
(Alvarez del Toro 1982) and later synonymized with B. 
bicolor (Campbell and Lamar 1989; McDiarmid et al. 
1999; Campbell and Lamar 2004). Scarcity of physical 
samples coupled with uncertain locality data complicate 
efforts to revisit this issue. We thus invite students of the 
Mesoamerican herpetofauna, and especially managers 
of protected areas, to prioritize collection of physical 
samples of B. bicolor whenever possible. 

In addition to this invitation, we also offer 
recommendations for addressing the confusing ambiguity 
in species distributions more generally. Echoing 
previous work (Clause et al. 2016), we encourage 
authors to be transparent when geographic distribution 
data is problematic, and account for uncertainty when it 
exists (Velasquez-Tibata et al. 2016). In cases of data- 
deficient or confusing historical localities, and when 
confirmatory re-survey data are lacking, this approach is 
perhaps the most defensible. Wallach et al. (2014) offer a 
commendable model for how to do this. For modern field 
biologists, dual data-recording protocols that emphasize 
collection of both GPS coordinates and precise locality 
descriptors anchored to stable, unique place-names 
or notable landscape features offer another clear best- 
practice in our view. We concede that detailed locality 
descriptors are often challenging to devise in roadless, 
uninhabited areas with few well-known landmarks, such 
as the habitats often occupied by B. bicolor. Nonetheless, 
the free GoogleEarth platform provides a useful solution 
for accurately measuring distances (either airline or by 
road) from major named peaks or large towns when field- 
collected GPS coordinates are available for the locality. 
We model this approach in the locality descriptors for our 
new records in Table 1. If followed, these suggestions 
should help maximize data precision and improve 
appraisals of organismal biogeography and conservation 
needs. 
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Abstract.—The first herpetological surveys of two mountains in northern Mozambique, Mount Lico and Mount 
Socone, are presented. A total of 19 species of amphibians (two orders, eight families, and 11 genera) and 
21 species of reptiles (two orders, 11 families, and 17 genera) were recorded. Mount Lico is a unique site 
with representatives of both moist evergreen forest and miombo woodland herpetofaunal species. Noteworthy 
records for Mount Lico include an undescribed species of Arthroleptis, and a Lygodactylus that either 
represents a range extension of L. reguius or an undescribed species. Similarly, the Nothophryne found at the 
base of Mount Lico either represents a range extension of N. baylissi or an undescribed species. The finding 
of a Mertensophryne from the base of Mount Lico is reported and taxonomic confusion between M. anotis and 
M. loveridgei is highlighted. The findings presented here show that Mount Socone has a similar herpetofaunal 
composition to Mount Namuli, including the Pygmy Chameleon, Rhampholeon tilburyi, which was previously 
thought to be restricted to the latter mountain. A new species of Breviceps was found on Mount Socone, and the 
record of Arthroleptis aff. francei represents either a range extension for A. francei or an undescribed species. 
This survey provides a small but important contribution to the knowledge of Mozambican herpetofauna and 
biodiversity in general. 
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Resumo.—Apresentamos os primeiros levantamentos herpetologicos de duas montanhas no norte de 
Mocgambique, o Monte Lico e 0 Socone. Registamos um total de 19 especies de anfibios (duas ordens, oito 
familias e 11 géneros) e 21 espécies de repteis (duas ordens, 11 familias e 17 géneros). O Monte Lico é um local 
unico, com representantes de herpetofauna de florestas humidas e de miombo. Registos importantes para o 
Monte Lico incluem uma espécie nao descrita de Arthroleptis, um Lygodactylus que representa uma extensao 
da distribuigao de L. regulus ou uma espécie nao descrita. Da mesma forma, 0 Nothophryne encontrado na 
base do Monte Lico representa uma extensao da distribuigao de N. baylissi ou uma espécie nao descrita. Nos 
relatamos a descoberta de um Mertensophryne da base do Monte Lico e destacamos a confusao taxondémica 
entre M. anotis e M. loveridgei. Nossas descobertas mostram que o Monte Socone tem uma composicao de 
herpetofauna semelhante ao Monte Namuli, incluindo o camaleao-pigmeu Rhampholeon tilburyi, que antes se 
pensava estar restrito a ultima montanha. Uma nova espécie de Breviceps foi encontrada no Monte Socone, e o 
registo de Arthroleptis aff. francei representa uma extensao de distribuigao para A. francei ou uma espécie nao 
descrita. Esta é uma pequena mas importante contribuigao para o conhecimento da herpetofauna mogambicana 
e da biodiversidade em geral. 
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Introduction (Poynton and Broadley 1991; Tolley et al. 2016). 

Hundreds of scientifically unexplored mountains and 
Northern Mozambique, defined as the region north ofthe — inselbergs are scattered across the landscape of northern 
Zambezi River and south of the Ruvuma River, used to Mozambique. The growth of biodiversity knowledge 
be one of the most unexplored regions in south/central © of Mozambique has been hindered by the long-lasting 
Africa in terms of biodiversity, especially herpetofauna § Mozambican civil war (1977-1992) and its aftermath, 
Correspondence. *g.bittencourt@nhm.ac.uk 
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Fig. 1. Map of the study area. Top right inset box shows the location of the study area (smaller dashed box) in relation to 


Mount Namulli. Black triangles: locations of campsites on top of each mountain; black square: campsite at the base of Mount 
Lico; white square: Cha Socone Tea Factory; black circle: Muliquela River crossing. Map created using ALOS PALSAR data 


(ASF DAAC 2020). 


and the country was not declared free of landmines 
until 2015. Several recent scientific expeditions to 
northern Mozambique have resulted in a substantial 
increase in the knowledge of the fauna and flora of this 
region (e.g., Bayliss et al. 2010, 2014; Branch et al. 
2005a; Conradie et al. 2016; Farooq et al. 2015; Jones 
et al. 2020; Ohler and Frétey 2015; Portik et al. 2013a; 
Timberlake et al. 2009) and the discovery of new taxa 
(e.g., Bayliss et al. 2019; Branch et al. 2005b, 2019a; 
Branch and Tolley 2010; Conradie et al. 2018; Daniels 
and Bayliss 2012; Monadjem et al. 2010; Verburgt et 
al. 2018). 

Herein we report the results from a_ recent 
multidisciplinary expedition to two scientifically 
unexplored mountains in the Zambezia Province of 
Mozambique, Mount Lico and Mount Socone, and 
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present the first herpetological species report for these 
mountains and their surroundings. 


Material and Methods 
Study Area 


The study area is in the Ile District, Zambezia Province, 
northern Mozambique (Fig. 1, Table 1) where the 
average elevation surrounding the mountains mentioned 
here is 400-500 m asl. For two nearby localities (Alto 
Molocue at ca. 40 km NE and Gurué at ca. 40 km NW 
of the study area), data are available for the average 
(1,374 mm and 1,913 mm), maximum (2,036 mm and 
2,535 mm), and minimum (1,007 mm and 1,134 mm) 
annual precipitation (Westerink 1996). Mount Lico (Fig. 
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Table 1. Geographical coordinates and vegetation types of the study area located in the Ile District of the Zambezia Province, 


northern Mozambique. Datum WGS-84. 


Locality Latitude Longitude 
Mt. Lico (base) -15.80063 37.35399 
Mt. Lico (top) -15.79406 37.36292 
Mt. Socone (base) -15.76172 37.28619 
Mt. Socone (top) -15.73623 37.28815 
Muliquela River -15.78778 37.32583 
crossing 


2A-B) is a small inselberg with a maximum elevation of 
ca. 1,000 m asl. The mountain has steep granitic walls 
scattered with small bushes and grass tuffs growing 
from cracks on the rock face. Water seepages originate 
on top of the mountain and drain eastwards. The main 
vegetation cover, restricted to the top of the mountain, 
is dry when compared to the classic montane moist 
forest from East Africa. The vegetation is predominantly 
wet forest species dominated by Macaranga capensis, 
Psychotria zombamontana, Erythroxylum emarginatum, 
and Newtonia buchananii, with elements of woodland 
on the western side dominated by miombo species such 
as Brachystegia spiciformis. The central part of the 
mountain is characterized by dense evergreen thicket- 
like vegetation with lianas (H. Matimele, J. Osborne, J. 
Timberlake, pers. comm.). The only spring found at the 


A 


Fig. 2. Photos of the study area. (A) Mount Lico and surrounding areas; (B) stream on top of Mount Lico: (C) Mount Socone 


Elevation (m) 


Vegetation type 


540 Miombo woodland, dry forest, Eucalyptus 
plantation, mashamba (local name for 
cultivation plot) 


900 Evergreen forest 
570 Tea plantation, dry forest 
1,390 Montane forest 


520 Miombo woodland 


top forms a small permanent stream that runs throughout 
the year for about 200 m before seeping down the 
mountain wall. Miombo woodland and Eucalyptus 
plantations dominate the area around Mount Lico, while 
the foothills are covered with dry forest. Access to the top 
was only possible through the assistance of professional 
climbers who set up a system of ropes and ascenders. 
Two campsites were established, one at the base and one 
on top of this mountain (Fig. 1). 

The other surveyed site is a considerably larger and 
higher mountain block composed of three parts (Fig. 1): 
Mount Socone, Mount Malacaci, and Muli Peak. Even 
though the top campsite was located closer to Muli Peak 
(Fig. 2C—D), the local name for the whole mountain block 
is Mount Socone. Hence, hereafter the latter name is used 
to refer to this mountain. The south and west foothills 


i 


(mountain block) viewed from the East; (D) View from the summit of Muli Peak. Photos: J. Bayliss (A—C) and G. Bittencourt-Silva 


(D). 
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are surrounded by tea plantations (Cha Socone Factory) 
and miombo woodland. The mountain block comprises 
large patches of dense medium-altitude evergreen 
forest (at ca. 800—1,200 m asl), dominated by Newtonia 
buchananii, Myrianthus holstii, Svnsepalum passargei, 
Englerophytum magalismontanum, and Macaranga 
capensis (H. Matimele, J. Osborne, J. Timberlake, pers. 
comm.); separated by areas with sparse vegetation and 
exposed granitic rocks. Vegetation near the summit 1s 
composed of patches of grasses and shrubs including 
species of Gladiolus, Kniphofia, Xyris, Xerophyta, and 
Helichrysum (H. Matimele, J. Osborne, J. Timberlake, 
pers. comm.). The campsite was situated near a small 
stream at around 1,160 m asl (see Fig. 1), where the 
forest is moist, dense, and tall. 

Sampling sites include both the low and high elevations 
of the two mountains, referred to here as ‘base’ and ‘top,’ 
respectively. Opportunistic sampling was also conducted 
on the route between the two mountains at the crossing 
point of the Muliquela River (Table 1). 


Data Collection 


The survey was conducted during 13—22 May 2018, and 
a short follow-up visit by JB took place during 9-12 
September 2019. The weather conditions during the 
initial 2018 survey were mostly dry, except for one night 
of rain on Mount Socone. Pitfall traps with drift fences, 
consisting of a line of 10 buckets placed every 5 m for 
a total length of 50 m, were set in each mountain and 
checked daily for three consecutive days. The traps were 
set in part to catch small mammals and herpetofauna. 
Diurnal and nocturnal visual encounter surveys were 
conducted on both mountains. Diurnal searches consisted 
of actively searching specific microhabitats (e.g., under 
logs and rocks, tree holes, water seepages, leaf litter), 
while nocturnal searches were conducted using head- 
torches or flashlights. Specimens were collected by hand, 
or by using nooses or elastic bands, and were temporarily 
placed in plastic or cloth bags until processed. 

All specimens collected were euthanized with 20% 
lidocaine gel, after which liver or muscle samples were 
taken and preserved in 98% ethanol for genetic analysis. 
Specimens were initially preserved in 10% formalin 
and later transferred to 70-80% ethanol (or industrial 
methylated spirit) for permanent storage. Specimens are 
deposited in three collections: Museu de Historia Natural 
de Maputo in Mozambique (MHNM), Natural History 
Museum in the United Kingdom (BMNH), and Port 
Elizabeth Museum in South Africa (PEM). 


Species Identification 
Species were identified primarily based on external 
morphological characters as defined by field guides for 


Amphibia (Channing 2001; du Preez and Carruthers 
2017; Poynton and Broadley 1985, 1987) and Reptilia 
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(Branch 1998; Broadley 1990; Marais 2004; Spawls et 
al. 2018). In some instances, species identification was 
verified using DNA barcoding. Total genomic DNA 
was extracted using a Qiagen DNeasy kit following the 
manufacture’s protocol for purification of total DNA 
from animal tissues. For amphibians and selected lizards, 
a fragment (ca. 500 bp) of the 16S rRNA gene was 
amplified using the primers 16S H3062 and 16SB FROG 
(modified from Palumbi et al. 1991). Polymerase chain 
reaction (PCR) was performed using Illustra PuReTaq 
Ready-To-Go PCR Beads for 35 cycles of 1 min with an 
annealing temperature of 51 °C. For snakes, a fragment 
of the mitochondrial cytochrome b gene was amplified 
using the primers WWE and Cytb-R2 (Whiting et al. 
2003). Amplification was carried out using 20-50 ng/ 
uL extracted genomic DNA. Each amplification was 
conducted in a final PCR mixture volume of 25 uL 
containing 12.5 uwL TopTaq Mastermix (Qiagen), 2 uL 
forward primer (10 uM), 2 wL reverse primer (10 uM), 
and 8.5 uL of the genomic DNA and de-nucleated 
water combined. The cycling profile was conducted 
as follows: initial denaturing step at 94 °C for 5 min, 
followed by 35—40 cycles of 94 °C for 30 s, 52-54 
°C for 45 s, and 72 °C for 45 s, with a final extension 
at 72 °C for 8 min. DNA extractions and PCRs were 
performed at the Natural History Museum (NHM, 
United Kingdom) and Rhodes University (South 
Africa). Single strand sequencing reactions and 
electrophoresis were carried out by the molecular lab 
teams at the NHM (United Kingdom) and at Macrogen 
Inc. (South Korea or The Netherlands). Sequences 
were trimmed in Geneious 7 (Kearse et al. 2012) 
using maximum low-quality bases as 20. The Basic 
Local Alignment Search Tool (BLAST; Altschul et 
al. 1990) was used to identify the closest matches for 
each sequence on the GenBank repository. Sequences 
generated in this study are available on GenBank 
and their accession numbers are available in the 
Supplementary Material (Table S1, available at DOI: 
http://dx.do1.org/10.6084/m9 figshare. 12251258). 


Results 


A total of 19 amphibian species (two orders, eight 
families, and 11 genera) and 21 reptile species (two 
orders, 11 families, and 17 genera) were recorded during 
the surveys (Tables 2-3). 


Species Accounts 


Information on the voucher numbers and broad sampling 
localities for each species is provided here. A complete 
species list, including vouchers, GenBank accession 
numbers, collecting locality, and exact coordinates, 
is presented in Table S1. Brief notes on identification, 
taxonomy, and/or natural history are also provided when 
appropriate. 
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Table 2. List of amphibians found at Mounts Lico and Socone (and surrounding areas), northern Mozambique. Specimens were 


collected at the base (B) and/or on top (T) of each mountain. 


ORDER/Family Species Mt. Lico Mt. Socone 
ANURA 
Arthroleptis aff. francei - ‘i 
Arthroleptis sp. Ah - 
Arthroleptis stenodactylus B/T B 
Arthroleptidae 
Arthroleptis xenodactyloides B/T B/T 
Leptopelis broadleyi B . 
Leptopelis flavomaculatus - fh 
Breviceps mossambicus T - 
Brevicipitidae 
Breviceps sp. - if 
Mertensophryne cf. loveridgei B - 
Bufonidae Sclerophrys gutturalis B/T - 
Sclerophrys pusilla B - 
Hemisotidae Hemisus marmoratus B 
Hyperolius marmoratus albofasciatus B - 
Hyperoliidae Hyperolius substriatus B/T Af 
Hyperolius tuberilinguis T B 
Phrynobatrachidae Phrynobatrachus mababiensis B - 
Pyxiceplialidaé Amietia delalandii B : 
Nothophryne sp. B - 
GYMNOPHIONA 
Scolecomorphidae Scolecomorphus kirkii - a 
TOTAL (Base/Top) 14 (11/7) 9 (4/6) 


Amphibia 


Order Anura 
Arthroleptidae 


Arthroleptis aff. francei Loveridge, 1953 
France’s Squeaker 


Material. MOUNT SOCONE (top): BMNH 
2018.2466. Identification. This single specimen (Fig. 
3A) morphologically resembles A. francei in having a 
relatively small inner metatarsal tubercle; swollen toe 
tips; and a dark brown band from canthus rostralis, 
continuing as a broader supratympanic band extending 
posteroventrally and terminating just dorsal of the 
arm. The BLAST search confirms the affinity with 
A. francei from Malawi (96% sequence similarity; 
FJ151100). Comments. Arthroleptis francei is listed 
as Vulnerable (IUCN SSC Amphibian Specialist 
Group and South African Frog Re-assessment Group 
2016) because it is only known from three threat- 
defined locations. This species likely represents a 
species complex that occurs in montane regions of 
Malawi and northern Mozambique (see photo in 
Conradie et al. 2016). A review of these populations 
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is crucial to more accurately assess the taxonomic and 
conservation statuses of A. francei. 


Arthroleptis sp. 
Squeaker 


Material. MOUNT LICO (top): BMNH 2018.2467— 
68. Identification. This is a small Arthroleptis with a 
slender body (Fig. 3B) and, although not very distinct, it 
has the typical three-lobed pattern on the back (generic 
distinction). It is found in sympatry with A. stenodactylus 
and A. xenodactyloides but can be distinguished based on 
the following combination of characters: inner metatarsal 
tubercle very reduced (large in A. stenodactylus and 
inconspicuous in A. xenodactyloides), and tips of toes 
slightly swollen (but finger tips not swollen as in A. 
xenodactyloides). Overall, this form morphologically 
resembles A. troglodytes Poynton, 1963, a rather small 
saxicolous species only known from the Chimanimani 
mountain range, on the border between Mozambique 
and Zimbabwe (Becker and Hopkins 2017). The BLAST 
search shows 93% sequence similarity with A. francei 
from Malawi (FJ151100), but there are no sequences of 
A. troglodytes available for comparison. Comments. 
Based on morphological examination and preliminary 
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Fig. 3. Amphibians from Mount Lico and Mount Socone, northern Mozambique. (A) Arthroleptis aff. francei; (B) Arthroleptis sp.; 
(C) A. stenodactylus (mountain form); (D) A. stenodactylus (lowland form); (E) A. xenodactyloides, (F) Leptopelis broadleyi; (G) 
L. flavomaculatus, (H) Breviceps sp.; (I) Mertensophryne cf. loveridgei; (J) Sclerophrys gutturalis, (K) Hemisus marmoratus, (L) 
Hyperolius marmoratus albofasciatus, (M—O) H. substriatus; (P) H. tuberilinguis, (Q) Nothophryne sp.; (R) Scolecomorphus kirkii. 
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analysis of molecular data (not shown here), this likely 
represents a new species, which is also found on Mount 
Chiperone (ca. 190 km southwest of Mount Lico). 


Arthroleptis stenodactylus Pfeffer, 1893 
Shovel-footed Squeaker 


Material. MOUNT LICO (base): BMNH 2018.2480; 
MOUNT LICO (top): BMNH 2018.2469-79, PEM 
A13716—21, PEM A13730, PEM A13735, MHNM: 
WC-6475; MOUNT SOCONE (base): BMNH 
2018.2481. Identification. Two forms were identified 
(see Comments). The form (abundantly) found on top 
of Mount Lico (Fig. 3C) differs from the lowland form 
found at the bases of Mounts Lico and Socone in having 
a dusky venter (especially the pectoral area), whereas 
the latter is immaculate (Fig. 3D). All specimens have 
well-developed inner metatarsal tubercles, a dark band 
from the tip of the snout to the eye, continuing from the 
posterior corner of the eye towards the arm insertion 
but not reaching it. The BLAST results indicate that 
the lowland/woodland form is 100% similar to A. 
stenodactylus from Malawi (FJ151098—99), whereas the 
mountain/forest form is 98% similar to A. stenodactylus 
from Tanzania (KY177077). Sequence — similarity 
between the mountain/forest form from Mount Lico and 
the lowland/woodland from Malawi (FJ151098—99) is 
92%. The uncorrected pairwise distance between the 
16S sequences of samples collected on top of Mount 
Lico and the samples collected at the base of the two 
mountains is 8%. Comments. According to the literature 
(see Loveridge 1953, p. 389; Pickersgill 2007, p. 305) 
and personal experience (GBBS), there are at least two 
forms currently being assigned to this name, a mountain/ 
forest form and a lowland/woodland and savannah form. 
Differences between the montane and lowland forms of 
Arthroleptis stenodactylus have been observed in other 
areas in Mozambique (GBBS, pers. obs.). Remains of 
a spider (possibly Gasteracantha) were found in the 
stomach contents of one specimen from Mount Lico. 


Arthroleptis xenodactyloides Hewitt, 1933 
Dwarf Squeaker 


Material. MOUNT LICO (base): BMNH 2018.2486- 
87, BMNH 2018.2490, PEM A13707—-08, PEM A13714, 
MHNM: WC-6395; MOUNT LICO (top): BMNH 
2018.2482-85, BMNH 2018.2488-89, PEM A13722— 
24, PEM A13727-29, MHNM: WC-6467, WC-6469, 
WC-6471-74, WC-6476; MOUNT SOCONE (base): 
BMNH 2018.2493-94, PEM A13709-10; MOUNT 
SOCONE (top): BMNH 2018.2491—-92, PEM A13732, 
MHNM: WC-6441. Identification. Specimens were 
first identified based on male calls (a short high-pitched 
cricket-like chirp) and a combination of the following 
characters: small size, inconspicuous inner metatarsal 
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tubercle, and swollen toe tips (Fig. 3E). Comments. This 
species 1s very common in the leaf litter on top of Mount 
Lico. 


Leptopelis broadleyi Poynton, 1985 
Broadley’s Tree Frog 


Material. MOUNT LICO (base): BMNH 2018.2495 
(Fig. 3F). Identification. Dorsal color pattern light brown 
with isolated darker spots, a dark interorbital triangle 
with the apex pointing backwards and an inverted “Y” 
on the dorsum. A broad, pale line is present on the femur, 
above the vent, and on the outer surfaces of the tarsus 
and feet. Comments. Schiotz (1975) renamed Poynton’s 
L. concolor as L. argenteus meridionalis. However, as 
the name meridionalis was preoccupied, Poynton (1985) 
renamed the species L. broadleyi in recognition of Dr. 
D.G. Broadley’s note on the differences in call between 
this species and L. mossambicus. There has been some 
uncertainty regarding the validity of L. broadleyi (see 
Ohler and Frétey 2015, p. 79-80). For further discussion 
about the taxonomy of this species see Comments under 
Leptopelis argenteus in Frost (2020). This specimen was 
found in dry leaf litter close to a marshy area on the way 
to the climbing point of Mount Lico. 


Leptopelis flavomaculatus (Gunther, 1864) 
Yellow-spotted Tree Frog 


Material. MOUNT SOCONE (top): BMNH 
2018.2496—-97, PEM A13733. Identification. Specimens 
were identified based on the well-developed discs on the 
toes and fingers and moderate webbing. Some specimens 
still show green spots suggesting that they are young 
adults. A juvenile specimen showing the uniform green 
with yellow spots pattern was also collected. Comments. 
Individuals were found at night sitting on vegetation near 
a stream (Fig. 3G). No males were heard calling. 


Brevicipitidae 


Breviceps mossambicus Peters, 1854 
Mozambique Rain Frog 


Material. MOUNT LICO (top): BMNH 2018.2498— 
2500, PEM  A13725—26, MHNM: WC-6468. 
Identification. All specimens conform to the typical B. 
mossambicus from elsewhere in Mozambique based on 
the combination of the following: conspicuous facial 
mask, inner and outer metatarsal tubercles separated, 
no pale paravertebral or dorsolateral patches/blotches, 
uniformly dark dorsum, and no white mark above vent. 
Comments. All specimens were caught in pitfall traps. 
Although this species was only recorded on top of Mount 
Lico, it is likely to also occur around the foothills and 
surrounding areas. 
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Breviceps sp. 


Material. MOUNT SOCONE § (top): BMNH 
2018.2501. Identification. Although this specimen is 
molecularly very similar to Breviceps mossambicus from 
Mount Lico (98% sequence similarity), they differ in 
coloration, skin texture, and morphology (Fig. 3H). The 
venter is white with dark vermiculation; dorsum dark 
brown, coarsely granular, with lighter brown coloration 
separating the granules; a yellowish (rather than white) 
band over the mouth, pointing downwards; a yellow 
band extending from the posterior border of the eye to 
the anterior insertion of the arm; yellow blotches on the 
flanks; the “neck” region is elongated; and the toes and 
fingers are relatively long. Poynton (1964) and Poynton 
and Pritchard (1976) discuss the role of digit reduction in 
Breviceps as an adaptation to living in savannah, while 
the ancestral state is considered to be a forest form. 
Comments. The specimen was collected in a pitfall trap. 
This form represents a new species and is currently being 
described. 


Bufonidae 


Mertensophryne cf. loveridgei (Poynton, 1991) 
Loveridge’s Forest Toad 


Material. MOUNT LICO (base): BMNH 2018.2502 
(Fig. 31). Identification. The identification is based on 
the following combination of morphological characters: 
vent pointing downwards, parotid glands broad and 
flattened, skin covered with spines, tympanum hidden, 
ventral surface with a single elongated dark fleck in 
the anterior pectoral region, and well defined dorsal 
v-shaped markings (Poynton 1977). The closest 
match on GenBank is “M. anotis” from Taratibu in 
northeastern Mozambique (99% sequence similarity; 
KY555643). However, prior to the discovery of the 
Taratibu specimen, M. anotis was only known from 
southeastern Zimbabwe and adjoining Mozambique 
(Farooq et al. 2015), whereas M. loveridgei is known to 
occur in southeastern Tanzania (Poynton 1977), which 
is much closer to Taratibu. Importantly, sequences from 
the Mount Lico specimen are equally similar (98%) to 
M. anotis from the type locality (AF220910) and to M. 
loveridgei from Tanzania (FJ882820); and it is plausible 
that the GenBank accession for “M. anotis’ from 
Taratibu is actually M. /overidgei. Further investigation 
is needed to resolve the taxonomic identities of recently 
collected specimens and the relationship of the two 
described species. Comments. This specimen was 
found on the trail leading to the climbing point at 690 
m asl. Rasplus et al. (2009) reported two species of 
Mertensophryne for Cabo Delgado Province in north- 
eastern Mozambique, M. /overidgei (Poynton, 1991) and 
M. micranotis (Loveridge, 1925). The former species 
was only known from southern Tanzania, whereas the 
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latter extends northwards into Kenya. Unfortunately, 
the specimens escaped before they could be preserved, 
and species determination was done by Professor Kim 
Howell (presumably) based on photographs (Rasplus 
et al. 2009). The finding here represents either the 
southernmost record of M. /overidgei or another relictual 
population of M. anotis in northern Mozambique. 


Sclerophrys gutturalis (Power, 1927) 
Guttural Toad 


Material. MOUNT LICO (base): BMNH 2018.2503, 
BMNH 2018.2538, PEM A13665, PEM A13704—05, 
MHNM.Amp.2018.0028; MOUNT LICO (top): 
BMNH 2018.2541. Identification. This species is very 
similar to S. pusilla (see below) but can be distinguished 
by the elevated parotid glands and red markings behind 
the thighs, although these characters can be variable and/ 
or difficult to distinguish in juveniles. The BLAST search 
shows > 99% sequence similarity with a large number 
of sequences of S. gutturalis. Comments. Abundantly 
found around the campsite where some individuals were 
found hiding under tents or near the stream at night (Fig. 
3J). Whether this species is breeding on top of Mount 
Lico is unclear given that only two individuals were 
found there (only one was collected) and that the only 
water body found there is a small spring that runs for 
less than 200 m before dropping down the mountain. 
Sclerophrys pusilla usually breeds in lentic water bodies. 
Additionally, the DNA samples of S. gutturalis obtained 
here, two from the base and one from the top of Mount 
Lico, show 100% sequence similarity. 


Sclerophrys pusilla (Mertens, 1937) 
Southern Flat-backed Toad 


Material. MOUNT LICO (base): BMNH 2018.2539-40, 
PEM A13690, PEM A13706, MHNM.Amp.2018.0001. 
Identification. In these specimens, the parotid glands are 
flattened and there are no red markings on the posterior 
surfaces of the thighs. The BLAST search shows > 99% 
sequence similarity with a large number of sequences of 
S. pusilla. Comments. Similar to the previous species, 
this toad was abundant around the campsite at the base 
of Mount Lico. 


Hemisotidae 


Hemisus marmoratus Rapp, 1842 
Mottled Shovel-nosed Frog 


Material. MOUNT SOCONE (base): BMNH 
2018.2542 (Fig. 3K). Identification. This species has a 
hard, protruding snout which is used for digging, and the 
dorsum is finely mottled and has a fine pale vertebral line. 
Comments. The specimen was found by raking through 
leaf litter around mango trees on the edge of dry lowland 
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forest at the Cha Socone tea factory. 
Hyperoliidae 


Hyperolius marmoratus albofasciatus Hoffman, 1944 
Marbled Reed Frog 


Material. MOUNT LICO (base): BMNH 2018.2543— 
45, PEM A13700. Identification. The population 
from Mount Lico fits the following description of H. 
marmoratus albofasciatus by Poynton and Broadley 
(1987, p. 226): “Characteristic pattern a white or yellow 
mid-dorsal band, with no central red line; rest of back 
black. Sides same color as dorsal band, but with a row 
of black blotches. Variation includes irregularities of 
the dorsal band and projections from the light lateral 
area over the back. No lateral subdermal darkening.” 
Loveridge (1953) considered this taxon to be a 
subspecies of Hyperolius marmoratus. Later, Wieczorek 
et al. (2000, 2001) considered it to be a junior synonym 
of H. marginatus despite, and without comment upon, 
their markedly distinct color patterns (see Poynton 
and Broadley 1987). This synonymy was rejected by 
Pickersgill (2007), although Frost (2020) considers 
it to be a subspecies of H. marginatus. To add to the 
confusion, the BLAST search shows 100% similarity 
with H. swynnertoni (MK509601) from Gorongosa 
National Park, central Mozambique (see Portik et 
al. 2019). Hyperolius swynnertoni FitzSimons, 1941 
currently includes a junior synonym, H. marmoratus 
broadleyi (sensu Poynton, 1963), which differs from 
H. albofasciatus by (usually) having a red line in the 
center of the light bands. Du Preez and Carruthers (2017) 
indicate that Hyperolius swynnertoni broadleyi form 1s 
restricted to the Chimanimani Mountains and therefore 
does not occur in Gorongosa National Park. However, 
Poynton and Broadley (1987) recorded “H. marmoratus 
broadleyi’ from Gorongosa Mountain, which is 
corroborated by Portik et al. (2019). A taxonomic review 
of the H. marmoratus group is long overdue. Comments. 
Specimens were found at night on marginal vegetation 
along the stream near the campsite (Fig. 3L). 


Hyperolius substriatus Ahl, 1931 
East Africa Reed Frog 


Material. MOUNT LICO (base): BMNH 2018.2546— 
48, PEM A13701-03; MOUNT LICO (top): BMNH 
2018.2561; MOUNT SOCONE (top): BMNH 
2018.2549-50, PEM A13731, MHNM: WC-6420. 
Identification. Despite showing a great variety of color 
patterns (Fig. 3M—O), this species could be identified 
based on the following combination of characters: light 
band on canthus, extending over upper eyelid usually 
beyond arm insertion; pupil horizontal; discs on fingers 
and toes usually reddish. The GenBank BLAST search 
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shows 100% sequence similarity with H. substriatus from 
the base of Mount Namuli, Mozambique (MK509637). 
Comments. Specimens were found at night calling close 
to streams. 


Hyperolius tuberilinguis Smith, 1849 
Tinker Reed Frog 


Material. MOUNT LICO (top): BMNH 2018.2562; 
MOUNT SOCONE (base): BMNH 2018.2551, PEM 
A13711-12. Identification. All specimens had a dull 
cream coloration with a slightly darker backward- 
pointing triangle on the dorsum before preservation (Fig. 
3P). DNA barcoding was used to confirm the species 
identification and a GenBank BLAST search shows 100% 
sequence similarity with H. tuberilinguis from Malawi 
(MK509598). Comments. Specimens from Mount 
Socone were found while raking through dried mango 
leaves at the Cha Socone tea factory, and the specimen 
from Mount Lico was found near the small stream that 
runs through the center of the basin forest. During the 
breeding season, this species is known to have uniform 
green or yellow coloration. 


Phrynobatrachidae 


Phrynobatrachus mababiensis FitzSimons, 1932 
Dwarf Puddle Frog 


Material. MOUNT LICO (base): BMNH 2018.2552. 
Identification. This species is very similar to the 
sympatric Nothophryne sp. but differs in having a 
slender body, the underside speckled grey (not white as 
in Nothophryne), and the presence of a tarsal tubercle. 
Comments. A single juvenile was found just before 
dusk on the trail to the climbing point of Mount Lico. 
Phrynobatrachus mababiensis 1s a species complex 
widely distributed across sub-Saharan Africa (Zimkus 
and Schick 2010). 


Pyxicephalidae 


Amietia delalandii (Dumeéril and Bibron, 1841) 
Delalande’s River Frog 


Material. MOUNT LICO (base): BMNH 2018.2553- 
55, PEM A13569-—71, MHNM: WC-6384. Identification. 
These specimens were readily identified by their large 
body (> 70 mm), white immaculate venter, narrow head, 
and by having up to three phalanges of the 4" toe free of 
web. The closest match on GenBank (100% similarity) is 
A. delalandii from Malawi (KU693773). Channing et al. 
(2016) recently resurrected this taxon from the synonymy 
of Amietia quecketti. Comments. The specimens were 
found at night in or on the margins of the stream near the 
campsite. 
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Nothophryne sp. 
Mongrel Frog 


Material. MOUNT LICO (base): BMNH 2018.2556— 
58, PEM A13713, PEM A13715, MHNM: WC-6477. 
Identification. Given their relatively small sizes, 
these specimens appear to be sub-adults (Fig. 3Q). 
They were identified based on the presence of large 
warts on the dorsum, white venter, unpigmented under 
thighs, swollen toe tips, and no tarsal tubercle. These 
specimens also show typical markings observed in all 
other Nothophryne species (although not reported in the 
original descriptions): a light patch below the canthus 
rostralis, bordered dorsally by a dark brown band; and 
a light mark pointing downwards from the corner of the 
mouth towards the arm insertion. Four new species of 
mongrel frogs have recently been described from four 
inselbergs of northern Mozambique (Conradie et al. 
2018). These species are geographically and genetically 
isolated, though they are morphologically highly 
conserved. The Mount Lico population could represent 
yet another new species, but further investigation should 
be conducted and more evidence should be gathered 
before any conclusions are drawn. Comments. These 
frogs were found on granitic slopes where water seeps 
down the mountain near our climbing point. Nothophryne 
is likely to occur on Mount Socone. 


Order Gymnophiona 
Scolecomorphidae 


Scolecomorphus kirkii Boulenger, 1883 
Kirk’s Caecilian 


Material. MOUNT SOCONE (top): BMNH 
2018.2559-60, PEM A13734. Identification. Specimens 
were identified as belonging to the genus Scolecomorphus 
on the basis of their relatively large tentacles, which are 
situated closer to the nostril than to the eye socket, and 
having only primary annuli (Fig. 3R), and specifically 
as S. kirkii because the dark dorsal coloration covers 
more than half the body (Nussbaum 1985). Comments. 
Two of the specimens were found active on the surface 
around the camp shortly after the tent sites were cleared, 
while the third specimen was found in one of the pitfall 
traps after a night of heavy rain. Scolecomorphus is an 
East African caecilian genus also found in Tanzania 
and Malawi (Poynton and Broadley 1985) and on other 
mountains in northern Mozambique (Conradie et al. 
2016), and it may occur as far south as the Chimanimani 
Mountains in Zimbabwe (see Loveridge 1953, p. 333). 


Class Reptilia 


Order Squamata — Sauria 
Agamidae 
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Agama kirkii Boulenger, 1885 
Kirk’s Rock Agama 


Material. MOUNT SOCONE (base): BMNH 
2019.2895, PEM R23942-43, MHNM: WC-6414. 
Identification. This species is sympatric with Agama 
mossambica (below) but can easily be distinguished by 
a combination of the following characters: head of male 
orange, throat orange, and dorsum greyish to purple 
with white, dark-edged blotches (Fig. 4A). The closest 
match on GenBank is Agama kirkii from Mount Namuli 
in northern Mozambique (99% sequence similarity; 
JX668184). Comments. This species is common around 
villages and buildings at the Cha Socone tea factory. 
Some individuals were observed running on the granitic 
slopes of Mount Socone in sympatry with Trachylepis 
margaritifera. 


Agama mossambica Peters, 1854 
Mozambique Agama 


Material. MULIQUELA RIVER CROSSING: BMNH 
2019.2898: MOUNT LICO (base): PEM R23936; 
MOUNT SOCONE (base): BMNH 2019.2896—97, 
PEM R23944-45. Identification. Males have blue 
heads, dark throats, and dorsum with mid-dorsal paired 
darker dashes (not blotches) along the vertebral crest 
(Fig. 4B). Comments. Found around the tea plantation 
and the edge of Eucalyptus plantations. Individuals were 
observed basking in open areas. 


Chamaeleonidae 


Chamaeleo dilepis Leach, 1819 
Flap-neck Chameleon 


Material. MOUNT SOCONE (base): MHNM. 
Rep.2018.0002. Identification. Currently — eight 
subspecies are recognized within C. dilepis (Main et al. 
2018). We assign this specimen (Fig. 4C) to the typical 
race based on the presence of large moveable occipital 
lobes (Tilbury 2018) and sequence similarity with C. 
d. dilepis from northern Mozambique (98% sequence 
similarity; DQ923816). Comments. Local villagers 
brought two additional individuals to the campsite at the 
base of Mount Lico that were identified and subsequently 
released. 


Rhampholeon tilburyi Branch, Bayliss, and Tolley, 2014 
Mount Namuli Pygmy Chameleon 


Material. MOUNT SOCONE (top): BMNH: WC- 
6418, WC-6428, WC-6430-32, WC-6436, PEM 
R24237-43, MHNM.Rep.2018.0008. Identification. 
Recently, Branch et al. (2014) described four new 
species of pygmy chameleons that are endemic to 
northern Mozambique montane forests, and Conradie et 
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Table 3. List of reptiles found at Mounts Lico and Socone (and surrounding areas), northern Mozambique. Specimens were col- 
lected at the base (B) and/or on top (T) of each mountain. *Species observed/photographed but not collected; **Specimen collected 


at the Muliquela River crossing. 


ORDER/Family Species 
SQUAMATA 
Agamidae Agama kirkii 
Agama mossambica 
Chamaeleonidae Chamaeleo dilepis 
Rhampholeon tilburyi 
Trioceros melleri 
Cordylidae Platysaurus maculatus 
Gekkonidae Hemidactylus mabouia 
Lygodactylus capensis 
Lygodactylus sp. 
Scincidae Melanoseps ater 
Panaspis aff. maculicollis 
Trachylepis margaritifera 
Trachylepis varia 
Colubridae Dasypeltis scabra 
Philothamnus macrops 
Elapidae Naja subfulva 
Lamprophiidae Boaedon fuliginosus 
Lycophidion capense 
Typhlopidae Afrotyphlops mucruso 
Viperidae Bitis arietans 
CHELONIA 
Testudinidae Kinixys zombiensis 
TOTAL (Base/Top) 


al. (2016) alluded to further overlooked cryptic diversity. 
Most species of Rhampholeon are morphologically very 
conservative and difficult to distinguish (Branch et al. 
2014). The closest match on GenBank is R. ti/buryi from 
Mount Namuli (98% sequence similarity, AMO055681). 
This species was known to occur only on Mount Namull, 
located 40 km northeast of Mount Socone. Rhampholeon 
tilburyi is a forest specialist, which suggests that in the 
past the forests of Mount Socone and Mount Namuli 
were probably connected. Comments. These pygmy 
chameleons were found 1-2 m above the ground, 
sleeping on low vegetation around the campsite at Mount 
Socone (Fig. 4D). 


Trioceros melleri (Gray, 1865) 
Meller’s Chameleon 


Material. MOUNT SOCONE (base): Photograph Fig. 
4E; DNA sample. Identification. This is the largest 
mainland species of chameleon and is characterized by 
having a single small annular rostral horn. The BLAST 
search shows 99% similarity with 7 melleri from 
Malema River in northern Mozambique (DQ923813). 
Comments. This individual, collected by workers from 
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the Cha Socone tea plantation, was photographed before 
having a DNA sample taken from the tail tip and then 
released. This is the only species of 7rioceros known 
from Mozambique, whereas in adjacent Tanzania there 
are 15 species (Spawls et al. 2018). 


Cordylidae 


Platysaurus maculatus Broadley, 1965 
Spotted Flat Lizard 


Material. MOUNT LICO (base): BMNH 2019.2907, 
PEM R23951; MOUNT LICO (top): BMNH 2019.2906, 
PEM R23949. Identification. Specimens were identified 
as belonging to the genus Platysaurus on the basis of 
their relatively flattened bodies, and are referred to P 
maculatus based on the presence of enlarged scales on 
the side of the neck, which differentiates them from 
P. mitchelli (Broadley 1965). Platysaurus maculatus 
is mostly restricted to northern Mozambique with an 
isolated population recorded from Masasi, southern 
Tanzania (Scott et al. 2004; Wegner et al. 2009). 
There are two subspecies, P. m. maculatus and P. m. 
lineicauda, and based on their geographic distributions, 
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Fig. 4. Reptiles from Mount Lico and Mount Socone, northern Mozambique. (A) Agama kirkii; (B) A. mossambica, (C) Chamaeleo 
dilepis; (D) Rhampholeon tilburyi; (E) Trioceros melleri; (F) Platysaurus maculatus, (G) Lygodactylus sp.; (H) Melanoseps ater; (1) 
Panaspis aff. maculicollis; (J) Dasypeltis scabra, (K—L) Philothamnus macrops; (M-N) Naja subfulva; (O) Boaedon fuliginosus. 


tee, = 


these specimens (Fig. 4F) should belong to the nominal = sympatry with Trachylepis margaritifera. 
subspecies (Broadley 1965). These specimens also 

conform morphologically to P. m. maculatus in having Gekkonidae 

six sublabials, the supranasals in broad contact, and the 

occipital absent. Comments. Specimens (only juveniles) |= Hemidactylus mabouia (Moreau De Jonnes, 1818) 
were found on the granitic slopes of Mount Lico in Common Tropical House Gecko 
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Material. MOUNT LICO (base): BMNH 2019.2899; 
MOUNT SOCONE = (base): PEM ~ R23946. 
Identification. Two species of Hemidactylus are known 
to occur in northern Mozambique, H. mabouia and H. 
platycephalus. This material is assigned to the former 
based on a lower number of preanal pores, smaller body 
size, and narrow head. The closest match on GenBank 
is H. mabouia from Annobon, Equatorial Guinea (98% 
sequence similarity; AY863038). Comments. This 
specimen was found on a wall at the Cha Socone tea 
plantation. 


Lygodactylus capensis (Smith, 1849) 
Common Dwarf Gecko 


Material. MOUNT SOCONE (base): PEM R23948. 
Identification. The specimen was identified as belonging 
to the genus Lygodactylus based on the presence of a 
rudimentary outer toe and large retractile claws, and as 
L. capensis on the basis of having a pale gray coloration 
(head and body), fine dark markings on the throat, and 
the presence of a lighter dorsolateral stripe. The closest 
match on GenBank is L. capensis from South Africa 
(98% sequence similarity; GU593438). Comments. This 
specimen was found on trees around the Cha Socone tea 
plantation. The L. capensis group is known to comprise a 
complex of undescribed species (ROll et al. 2010). 


Lygodactylus sp. 
Dwarf Gecko 


Material. MOUNT LICO (top): PEM R25245—-46. 
Identification. This is a relatively large gecko (largest 
individual measured 32.7 mm snout-vent length), and 
morphologically similar to L. rex from Malawi and L. 
regulus from Mount Namuli (Portik et al. 2013b) based 
on the presence of a large mental scale with shallow 
lateral fissures. However, these specimens lack the 
characteristic white ocellus above the shoulder (Fig. 4G). 
They resemble L. regulus in having three postmentals, 
smaller overall size, and duller dorsal coloration. Due to 
the close proximity to Mount Namuli (ca. 40 km) this 
could represent a range extension for L. regulus, similar 
to Rhampholeon tilburyi (see account above), or it may 
represent an undescribed species. Comments. These 
specimens were collected from palm trees around the 
camp during a second survey conducted by J. Bayliss in 
September 2019. 


Scincidae 


Melanoseps ater (Gunther, 1873) 
Black Limbless Skink 


Material. MOUNT SOCONE (top): BMNH 
2019.2900-01, PEM R23952-53, MHNM: WC-6437. 
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Identification. This forest-dependent species occurs in 
other Mozambican mountains (Conradie et al. 2016) and 
its taxonomy is still unresolved. We tentatively assign our 
specimens to M. ater on the basis of having 23—24 mid- 
body scale rows, 153-154 ventrals, 45-47 subcaudals, 
and having been found in forest (fide Broadley et al. 
2006). Comments. Found in forest under logs (Fig. 4H). 


Panaspis aff. maculicollis Jacobsen and Broadley, 2000 
Spotted-neck Snake-eyed Skink 


Material. MOUNT LICO (base): BMNH 2019.2902- 
05, PEM R23935, PEM R23937-40. Identification. 
These specimens lack the characteristic dorsolateral 
white line (Fig. 41) of P. wahlbergi, and are thus assigned 
to the P. maculicollis group. A recent study by Medina 
et al. (2016) identified up to five genetically distinct 
and morphologically cryptic lineages from central and 
northern Mozambique. Comments. These small skinks 
are common in the Eucalyptus plantations and in leaf 
litter around mango trees. 


Trachylepis margaritifera (Peters, 1854) 
Rainbow Skink 


Material. MOUNT SOCONE (base): BMNH 
2019.2908, PEM R23947, MHNM.Rep.2018.0009. 
Identification. Underside of feet and toes mostly smooth. 
Males have dorsum olive to brown with white specks; 
tail yellow to orange. Juveniles and females have dorsum 
dark brown with pale yellow to bronze stripes; tail bright 
blue. Comments. This species is common around human 
settlements and on the granite slopes of Mount Socone. 


Trachylepis varia (Peters, 1867) 
Variable Skink 


Material. MOUNT LICO (base): PEM R23941. 
Identification. A small terrestrial skink with a bronze 
dorsum, especially anteriorly; dorsolateral white line 
extending from behind the eye to the groin. The 7. varia 
group was recently revised and the northern Mozambique 
forms have been assigned to the typical form (Weinell 
and Bauer 2018). Comments. This species is commonly 
found in leaf litter in the surroundings of Mount Lico. 
Some individuals were observed along the trail to 
the forest on Mount Socone. Only one specimen was 
observed on top of Mount Lico, but it escaped in the dry 
leaf litter. 


Order Squamata — Serpentes 
Colubridae 
Dasypeltis scabra (Linnaeus, 1758) 


Common Egg Eater 
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Material. MOUNT LICO (surrounding §area): 
Photograph: Fig. 4J. Identification. No specimens were 
collected and this record 1s based on one photograph that 
clearly shows a thin elongated body with keeled scales 
and numerous dark brown blotches flanked by narrow 
dark brown bars. Comments. This individual was killed 
by locals and photographed by a member of the film crew 
en route to Mount Lico in September 2019. 


Philothamnus macrops (Boulenger, 1895) 
Large-eyed Green Snake 


Material. MOUNT LICO (top): PEM R23950 (Fig. 
4K-L). Identification. This snake is easily distinguished 
from any other Philothamnus species occurring in 
Mozambique by having a lower number of midbody 
scale rows (13 versus the usual 15 in other species) and 
a divided anal scale (Branch et al. 2019b). The closest 
match on GenBank is P. macrops from Mount Mabu, 
Mozambique (98% sequence similarity; MH756442). 
Comments. Found active on the forest floor near a 
stream eating a leaf litter frog (Arthroleptis sp.). Branch 
et al. (2019b) provide a full historical overview of this 
species for Eastern Africa and discuss the first records 
for Mozambique. 


Elapidae 


Naja subfulva Laurent, 1955 
Brown Forest Cobra 


Material. MOUNT LICO (base): PEM R23934 (skin). 
Identification. This species is assignable to the Naja 
melanoleuca complex on the basis of having the 6" 
upper labial in contact with the postocular scale, and 
the presence of a single preocular scale (Fig. 4M-N). 
Wuster et al. (2018) recently confirmed the species 
status of N. subfulva based on morphological and genetic 
data. The closest match on GenBank is N. subfulva from 
South Africa (99% sequence similarity, MH337633). 
Comments. Brought to the campsite by a local who 
killed it in his machamba (plot of land). 


Lamprophiidae 


Boaedon fuliginosus (Bote, 1827) 
Brown House Snake 


Material. MOUNT LICO (base): PEM R23932. 
Identification. Scalation: 221 ventrals, 51 subcaudals, 
1 preocular, 2 postoculars, 1+2+3 temporals, 8 upper 
labials with 4" and 5“ entering the orbit, 9 lower labials 
with the 1* four in contact with the first sublingual, 25 
midbody scale rows (Fig. 40). The Boaedon lineatus- 
fuliginosus-capensis species complex is one of the most 
complicated groups of African snakes (Hughes 1997), 
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and many species have been proposed or described in 
recent years (Trape and Mediannikov 2016). While 
Trape and Mediannikov (2016) retrict the name Boaedon 
fuliginosus to the darker form in West Africa that 
lacks distinct head markings, we tentatively assign our 
specimen to B. fuliginosus based on an overall plain 
coloration until the taxonomy of this group is resolved. 
The closest match on GenBank 1s B. fuliginosus from an 
unknown location (99% sequence similarity; JF357940). 
Comments. Collected in the Eucalyptus plantation near 
the campsite. 


Lycophidion capense (Smith, 1831) 
Cape Wolf Snake 


Material. MOUNT LICO (base): PEM R23933. 
Identification. Dorsal scales in 17 rows, not stippled but 
white edged. The head is slightly depressed. The closest 
match on GenBank is L. c. capense from Mozambique 
(98.7% sequence similarity, AY612021). Comments. 
Collected in a Eucalyptus plantation. 


Typhlopidae 

Afrotyphlops mucruso (Peters, 1854) 

Zambezi Blind Snake 

Material MOUNT LICO (base): PEM R23931 


(skin). Identification. The third supralabial is not 
overlapping with the ocular shield, the snout is sharply 
angular with a broad oval-shaped rostral, and the dorsal 
pattern is blotched. The closest match on GenBank is A. 
mucruso from Mozambique (93% sequence similarity; 
AY612022). Comments. This is one of the largest 
species of typhlopid in Africa. The specimen was killed 
and brought to us by local villagers. 


Viperidae 


Bitis arietans Merrem, 1820 
Puff Adder 


Material. MOUNT LICO (base): Identification. Two 
species of Bitis are known for northern Mozambique, B. 
arietans and B. gabonica. The former is very common, 
while the latter is rarely seen in Mozambique. We assign 
the material from Mount Lico to B. arietans based on the 
characteristic v-shaped chevrons on the back and the absence 
of horns on the snout. Comments. Two individuals that were 
brought into Mount Lico base camp were photographed but 
not collected. A third individual was observed by a botanist 
on the granite slopes of Mount Socone. 


Order Testudines 


Testudinidae 
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Kinixys zombensis Hewitt, 1931 
Eastern Hinge-backed Tortoise 


MOUNT LICO (base): Identification. Carapace domed 
(not flat as in K. spekii) with a radial pattern. Comments. 
One individual was brought to the campsite, identified 
and released. 


Unconfirmed Records 


As the authors were part of a multi-disciplinary team of 
researchers, some casual observations worth mentioning 
were made. Two snakes were observed on Mount Lico 
and based on the overall description provided by our 
colleague they can be assigned to the genera Psammophis 
and Naja, respectively. Without any supporting 
photographs, however, species-level identification is 
not possible. Another important observation made on 
this mountain was of a small (ca. 100 mm), dull-colored 
lizard climbing up a tree (JB, pers. obs.). The species 
could not be identified based on the brief observation, 
except that it was not a Lygodactylus, the only arboreal 
gecko recorded on Mount Lico. 


Discussion 


Evergreen forests are a highly threatened ecosystem 
in Africa, especially in northern Mozambique, mainly 
due to the practice of slash-and-burn agriculture around 
the edges of these forests. This imposes a high risk of 
extinction for forest-dependent species such as the 
Endangered Pygmy Chameleon Rhampholeon tilburyi 
(Tolley et al. 2019a) now recorded for Mount Socone but 
previously only known from Mount Namuli. Similarly, 
Arthroleptis francei 1s a forest species considered 
Vulnerable on the IUCN Red List (IUCN SSC Amphibian 
Specialist Group and South African Frog Re-assessment 
Group 2016). It is not yet clear whether the form found 
on Mount Socone represents another population of this 
species or an undescribed species, and this distinction 
requires further research. Preliminary results suggest 
that A. francei represents a species complex, as does 
its congener A. stenodactylus, and this deserves further 
attention (N. Woest, pers. comm. ). 

The forest on top of Mount Lico is drier than other 
montane forests in the region and its herpetofauna is a 
combination of forest-dependent and miombo woodland 
species. For example, A. stenodactylus (montane form) 
and Hyperolius substriatus are species usually restricted 
to dense evergreen forests. Both are also found on other 
mountains in northern Mozambique (Conradie et al. 
2016; Portik et al. 2013a), and the latter species was 
expected to occur on these mountains based on ecological 
niche models (Bittencourt-Silva et al. 2017). Another 
example is Arthroleptis sp., which, although being 
morphologically similar to A. troglodytes, is more similar 
in its 16S rRNA to an undescribed form found in dense 
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evergreen forest on Mount Chiperone in 2017 by two of 
the authors (data not shown). Arthroleptis sp. was found 
in lower abundance (only two specimens were found) 
compared to its sympatric congeners (A. stenodactylus 
and A. xenodactyloides). Despite the fact that abundance 
data were not methodically collected in these surveys, it 
is important to state that these latter species were very 
abundant on top of Mount Lico. 

In contrast, species typically associated with savannah 
or miombo woodland, such as Breviceps mossambicus 
and Hyperolius tuberilinguis, are also found on top of 
Mount Lico. Considering the relatively large number of 
B. mossambicus individuals found in a short period of 
time (six individuals in four days using one line of pitfall 
traps) and the fact that this species reproduces via direct 
development (no free-swimming tadpole stage; Channing 
et al. 2012; du Preez and Carruthers 2017), it is likely 
that this species is thriving on this mountain. Although 
more similar in its 16S rRNA, the specimen found on 
Mount Socone is morphologically different from the 
specimens found on Mount Lico. Additionally, the 
Mount Socone specimen was found in evergreen moist 
forest instead of miombo woodland, the usual habitat 
for B. mossambicus. The presence of species typical of 
miombo woodland and montane evergreen forest on 
top of Mount Lico is intriguing, not least because of 
the small area of this mountain, although their presence 
is likely due to the prevailing trade winds resulting in 
wet (eastern) and dry (western) sides to the mountain. 
Considering the short duration of these surveys, future 
surveys on Mount Lico are likely to reveal the presence 
of other species commonly found in this region, such as 
pygmy chameleons of genus Rhampholeon. 

That the assemblage of species found on Mount 
Socone shows similarity to Mount Namuli (see Conradie 
et al. 2016; Portik et al. 2013a) is not surprising, 
considering the proximity of these two mountain 
blocks (ca. 40 km). Hence, it is plausible that other 
high-elevation species, such as Nadzikambia baylissi, 
Hyperolius spinigularis, Strongylopus fuelleborni, and 
Nothophryne are also present on Mount Socone. The 
caecilian genus Scolecomorphus is usually found in high- 
elevation forests in East Africa. So far, this genus has 
been recorded on six mountains in northern Mozambique 
(Serra Mecula: Branch 2004; Mount Namuli: Farooq 
and Conradie 2015; Mount Mabu: Conradie et al. 2016; 
Mounts Chiperone, Inago, and Ribaue: unpub. data) and 
it is expected to occur on other mountains in this region. 

The numbers of species found during similar surveys 
on other mountains in Mozambique vary from 12-18 for 
amphibians and 17—27 for reptiles (Conradie et al. 2016). 
The number of species found on Mount Lico could 
increase with additional effort, but is not expected to 
increase substantially owing to the relatively small size 
of this mountain. Mount Socone, on the other hand, has a 
large, denser, and moister forest at elevations above 500 
m, and the area surveyed here only covered a fraction 
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of its expanse. The number of reptile and amphibian 
species on this mountain could be at least twice as many 
as were recorded here. However, Mount Socone is highly 
threatened by deforestation for local agriculture, while 
Mount Lico is very safe due to its inaccessibility. Ideally, 
both areas should be revisited during the rainy season, 
and preferably for longer periods, to improve the chances 
of finding elusive species and to obtain ecological and 
acoustic data. However, surveying Mount Lico during 
the rainy season could be a dangerous undertaking 
considering that access to the top of the mountain 
depends on specialist rock-climbing equipment. 

Some of the records presented here merit additional 
comment, such as the new species of Arthroleptis found 
on Mount Lico. Preliminary results indicate that this 
form is also present on Mount Chiperone (see details in 
its Species Account) and a formal species description 1s 
in preparation. More information is required to assess 
the taxonomic and conservation statuses of this species. 
Similarly, the new species of Breviceps found on Mount 
Socone is also found on two neighboring mountains, 
Mount Namuli and Mount Inago (located ca. 50-60 km to 
the northeast). This species, which differs from any other 
Breviceps species in Mozambique, was only found in 
montane evergreen forest. Additional information about 
its ecology and geographic distribution are required to 
ascertain its conservation status. 

If confirmed, the presence of Mertensophryne 
loveridgei would represent the southern limit of 
this species and the first vouchered specimen from 
Mozambique (see Species Accounts for details). 
However, if our record is confirmed to be M. anotis, tt 
would represent a relictual population of this Endangered 
species (IUCN SSC Amphibian Specialist Group and 
South African Frog Re-assessment Group SA-FRoG 
2017) which is only known from a few small isolated 
populations. Given the patchiness of herpetological 
surveys in northern Mozambique, it is plausible that 
M. anotis is more widespread than currently believed. 
Elucidation of this taxonomic conundrum will have 
important implications for the conservation status of the 
population on Mount Lico. 

The Nothophryne found at the base of Mount Lico 
may possibly represent a new species, however the extent 
of its distribution is uncertain. The landscape of northern 
Mozambique is scattered with hundreds of inselbergs 
(granitic outcrops), which potentially provide ideal 
habitat for Nothophryne (see modelled distribution in 
Bittencourt-Silva et al. 2016). More evidence is needed 
to confirm the taxonomic status of the specimens found 
at the base of Mount Lico, and its conservation status is 
contingent upon this identification. 

The two specimens of Lygodactylus sp. found on 
Mount Lico could represent a new population of L. 
regulus, a forest-dependent species only known from 
Mount Namuli that is considered to be Near Threatened 
due to its small extent of occurrence (Tolley et al. 2019b). 
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Given that Mount Socone is situated between Mounts 
Namuli and Lico, this species could also be present in the 
forests of Mount Socone. However, based on differences 
in color pattern, the Lygodactylus from Mount Lico could 
possibly represent a new species. 


Conclusions 


Knowledge of the herpetofauna of northern Mozambique 
is gradually increasing but there is still much to be 
discovered and many puzzles to be solved. The species 
identified, and the associations between these species 
and those from neighboring mountains in the region, 
add to the evidence base that these mountains form part 
of a distinct ecoregion as alluded to by Bayliss et al. 
(2014). The species list presented here is by no means 
comprehensive. Nonetheless, it represents, the first 
herpetological surveys of Mounts Lico and Socone. This 
work is only a snapshot of their herpetofauna during a 
short survey in the dry season. This is especially true for 
Mount Socone, given the small proportion of the area 
surveyed in relation to the total area of that mountain. 
However, these findings add to our understanding 
of the biogeographic and evolutionary histories of 
African herpetofauna, as well as their distributions 
and conservation statuses. Finally, these findings also 
highlight the importance of taxonomic revisions of 
Melanoseps, Arthroleptis francei, A. stenodactylus, and 
the Hyperolius marmoratus group. 
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Abstract.—The results of herpetological surveys conducted throughout Laos in 2016-2019 resulted in 
significant records at the country and provincial levels for several amphibian and reptile species, other than 
lizards. Three species, namely Quasipaa verrucospinosa, Gracixalus quangi, and Theloderma lateriticum, 
were recorded for Laos for the first time. The occurrences of Glyphoglossus molossus, Subsessor bocourti, 
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Introduction 


The herpetofauna of Laos PDR (Lao People’s Democratic 
Republic, or simply “Laos”) is poorly known, with basic 
information and scientific interest lacking compared 
to those of neighboring Thailand, China, and Vietnam. 
In Laos, only 95 amphibian and 89 reptile species 
were known as of 2008 (e.g., Deuve 1970; Stuart and 
Platt 2004; Teynié et al. 2004; Stuart 2005; Stuart and 
Heatwole 2008). These numbers have rapidly increased 
to 110 species of amphibians and 180 species of reptiles 
by 2014 (Teynié and David 2010, 2014; Teynié et al. 
2014, 2017). Increased survey efforts and thorough 
examinations of natural history collections have led to 
the description of several new species and new species 
records for the country, resulting in current totals of 115 
amphibian and 189 reptile species (Frost 2020; Uetz et 
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al. 2020), though these numbers are preliminary since 
some of the records given for Laos in the latter source 
are not yet verified. 

Based on the results of field surveys, photo records, and 
the examination of animals sold at local markets which 
were carried out throughout the country in 2016-2019, 
this article provides a summary of new herpetofaunal 
records from Laos, including three species recorded for 
the country for the first time, three confirmed country 
records, 14 species reported for the second time, and 27 
new provincial records for Laos. 


Materials and Methods 
Field surveys in Laos were conducted in nine provinces 


(Fig. 1): Xaignabouli Province (June 2016, December 
2018, and April and December 2019); Louangphabang 
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Fig. 1. Map showing localities cited in the text. Sites surveyed: 1: Xay; 2: Phoukhoun; 3: Xayabury; 4: Phiang 1; 5: Phiang 2; 
6: Thongmyxay; 7: Bortaen 1; 8: Bortaen 2; 9: Xanakharm; 10: Kasy; 11: Vangvieng; 12: Phonghong; 13: Keo Oudom 2; 14: 
Longcheng 1; 15: Longcheng 2; 16: Thapabath; 17: Hom; 18: Thathom; 19: Mork 1; 20: Xaychamphone; 21: Khounkham 1; 22: 
Khounkham 2; 23: Nakai; 24: Ngommalath; 25: Champhone 2; 26: Champhone 1; 27: Xonnabouly; 28: Phin; 29: Khongxedone; 


30: Paksong 2; 31: Paksong 1; 32: Pathoumphone. 


(November 2019); Vientiane Province (January, 
February, and April 2019); Xaisomboun Province (April, 
May, July, and October 2019); Oudomxai Province 
(August 2019); Xiangkhouang Province (July 2019); 
Khammouan Province (November 2018 and July 
2019); Champasak Province (August 2018, and March 
and October 2019); and Savannakhet Province (March 
and July 2019). The areas surveyed included various 
habitat types: evergreen primary forest, secondary forest, 
limestone or karst forest, and wetland forest (Fig. 2). 
Since the transcription of Laotian names into the Latin 
alphabet is not standardized, the geographic names often 
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appear with different spellings in the literature. Here the 
spellings used in The World Factbook (Anonymous 2016) 
are adopted. Geographic coordinates and altitudes were 
obtained using a Garmin GPSMAP 64s GPS receiver 
(USA) and recorded in datum WGS 84. However, GPS 
data for turtle records are not presented herein, to prevent 
the misuse of the data by poachers. Specimens were 
observed during field trips both on sunny and rainy days 
from approximately 0700-2300 h. For identification 
purposes, specimens were photographed in situ using a 
digital camera (Sony Alpha 7 II or Sony Alpha 7R HI; 
Sony Ltd., Japan). We were not allowed to physically 
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Fig. 2. Various habitat types surveyed in Laos: (A) forest in Mt. Phou Samsoum, Mork District, Xiangkhouang Province; 
(B) forest in Phou Khao Khouay NPA, Vientiane Province; (C) forest in Bortaen District, Xaignabouli Province; (D) forest in 
Longcheng District, Xaisomboun Province; (E) karst forest in Phou Hin Poun NPA, Khammouan Province; (F) lowland habitat in 
the Pathoumphone District, Champasak Province. Photos by P. Brakels. 


handle many of these individuals to obtain morphological 
measurements. For snake specimens, scales on the 
head and abdomen were counted. After morphological 
examination and obtaining life photos, specimens were 
released immediately near the places where they were 
recorded. 

Taxonomic identifications of the individuals were 
made based on the key literature sources for amphibians 
(Aowphol et al. 2013; Bain et al. 2009; Bordoloi et al. 
2007; Bourret 1937; Dubois and Ohler 2005; Fei et al. 
2010; Inger et al. 1999; Kou 1985; Liu and Hu 1962: 
Manthey and Manthey 2017a; Matsui et al. 1999; Ohler 
2007; Ohler and Delorme 2006; Ohler et al. 2011; 
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Pawangkhanant et al. 2018; Pham et al. 2012, 2014, 
2019; Phusaensri et al. 2018; Poyarkov et al. 2015, 2017; 
Qi et al. 2017; Rowley et al. 2012; Stuart et al. 2006), 
and for reptiles (Chan-ard et al. 2015; Calame et al. 2013; 
David et al. 2002, 2007; Deuve 1970; Guo and Deng 
2009; Hauser 2017; Hendrie et al. 2011; Jiang et al. 2020; 
Mathew and Meetei 2004; Mulcahy et al. 2017; Murphy 
and Voris 2014; Smith 1943; Stuart and Heatwole 2008; 
Stuart and Platt 2004; Taylor 1965; Teynié and David 
2010, 2014; Teynié et al. 2004, 2014, 2017; Vassilieva 
et al. 2016; Vogel 2009; Vogel and van Rooijen 2007; 
Vogel et al. 2004; Ziegler and Vogel 1999; Ziegler et al. 
2010). The taxonomy and nomenclature used by Frost 


July 2020 | Volume 14 | Number 2 | e248 


Nguyen et al. 


es 5 4 A . 
oe. | aD sy! 
° . L We ie " 


Fig. 3. (A) Nanorana aenea in Mork District, Xiangkhouang Province; (B) dorsal view and (C) ventral view of Quasipaa 
verrucospinosa in Longcheng District, Xaisomboun Province; (D) dorsal view and (E) ventral view of Leptobrachella eos in 
Bortaen District, Xaignabouli Province; (F) Leptobrachium smithi in Xay District, Oudomxai Province. Photos: P. Brakels (A—B, 


D, F) and N. Maury (C, E). 


(2020) and Uetz et al. (2020) were generally followed, 
with the exception of the Megophrys assemblage (Anura, 
Megophryidae), for which we followed taxonomy 
proposed by Chen et al. (2017). 

For each species mentioned in the Taxonomic 
Accounts below, photos in life are provided along with 
the following information: scientific name, English name, 
location of record (including coordinates and elevation), 
short description of morphological characters confirming 
our identification, ecological notes, distribution in Laos 
and elsewhere, and when necessary, remarks on problems 
in classification and distribution of the species. The 
abbreviation “NPA” stands for National Protected Area. 
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Results 
Taxonomic Accounts 


Amphibia: Anura 
Family Dicroglossidae Anderson 


Nanorana aenea (Smith, 1922) 
Doi Chang Spiny Frog (Fig. 3A) 


One individual of NV. aenea was observed by P. Brakels 


and P. Pawangkhanant on 16 July 2019 on the northern 
slope of Phou Samsoum Mountain, Mork District, 
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Xiangkhouang Province (19°08.494’N, 103°46.867’E; 
elevation 2,070 m asl). 

Morphological characters of this individual 
from Xiangkhouang Province agreed well with the 
descriptions of Taylor (1962), Dubois and Ohler (2005), 
and Pham et al. (2012). The photographed individual 
(Fig. 3A) agrees with the diagnosis of N. aenea for the 
following characters: medium body size, rather slender; 
snout rounded, very slightly protruding; canthus rostralis 
rounded; loreal region slightly concave; eye large, pupil 
horizontally oval; tympanum distinct, supratympanic 
fold present; tips of fingers and toes without discs; dorsal 
surface smooth with small ridges on flank; dorsolateral 
folds present, not prominent, narrow, continuous until 
the rear of back; ventral surface smooth; coloration of 
dorsum dark brown with several darker bands between 
eyes; tympanum covered with dark markings; ventral 
surface yellowish with brown marbling and numerous 
darker spots on margins; foot webs marbled with brown 
and cream; iris brown. 

Ecological notes. This individual was found at 
ca. 2000 h on the ground near a small stream. The 
surrounding habitat was polydominant high-elevation, 
broad-leaved montane forest. 

Distribution. In Laos, this species has been recorded 
only from Houaphan Province (Teynié et al. 2014). This 
is the second record from the country as well as the first 
from Xiangkhouang Province. Elsewhere, this species 
has been reported from China, Vietnam, and northern 
Thailand (Frost 2020). 


Quasipaa verrucospinosa (Bourret, 1937) 
Granular Spiny Frog (Fig. 3B—C) 


Two individuals of Q. verrucospinosa were observed 
in Longcheng District, Xaisomboun Province: on 27 
April 2019 by P. Brakels and N. Maury (19°00.782’N, 
102°39.337’E; elevation 975 m asl) at Longcheng site 
2; and on 17 July 2019 by T.V. Nguyen, P. Brakels, 
P. Pawangkhanant, and N.A. Poyarkov (19°00.983’N, 
102°59.645’E; elevation 1,370 m asl) at Longcheng 
site 1. 

Morphological characters of the individuals from 
Xaisomboun Province agreed well with the descriptions 
of Bourret (1937), Inger et al. (1999), and Fei et al. 
(2010). The photographed individual (Fig. 3B—C) agrees 
with the diagnosis of Q. verrucospinosa in the following 
characters: large body size; snout round; canthus rostralis 
indistinct; loreal region slightly flat; eye large, pupil oval; 
tympanum small, distinct; supratympanic fold present: 
tips of fingers and toes without discs, toe webbing 
complete; dorsal surface with very rough back covered 
by short, thick ridges, and round tubercles, and sides 
covered by oval tubercles with dark spines; coloration 
of dorsum gray-brown with dark brown spots; ventral 
surface cream; iris dark green. 

Ecological notes. The first individual was found at ca. 
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1900 h in a fast-flowing stream between boulders under 
a small waterfall in evergreen forest with an abundance 
of banana plants; while the other individual was found on 
top of a small waterfall along the road. The surrounding 
habitat was mixed secondary submontane to montane 
forest. 

Distribution. This species is known from northern 
and central Vietnam and southern China (Frost 2020). 
This is the first country record for Laos, ca. 291 km 
southwest from the type locality in Sa Pa District, Lao 
Cai Province, Vietnam (Bourret 1937). 


Family Megophryidae Bonaparte 


Leptobrachella eos (Ohler, Wollenberg, Grosjean, 
Hendrix, Vences, Ziegler, and Dubois, 2011) 
Rosy Litter Toad (Fig. 3D—E) 


One individual was observed by P. Brakels and N. Maury 
on 2 June 2019 in Longcheng District site 2, Xaisomboun 
Province (19°07.497°N, 102°40.502’E; elevation 1,240 
m asl). Several individuals were observed in Xay 
District, Oudomxai Province by N. Maury on 21 August 
2019 (20°39.598°N, 102°04.241’E; elevation 800—1,000 
m asl) and by P. Brakels and N. Maury on 24 August 
2019 (20°39.598’N, 102°04.241’E; elevation 850 m asl). 

Morphological characters of the individuals from 
Xaisomboun and Oudomxai provinces agreed well 
with the descriptions of Ohler et al. (2011) and Pham 
et al. (2014). The photographed individual (Fig. 3D—E) 
agrees with the diagnosis of L. eos in the following 
characters: small body size; snout obtuse; canthus 
rostralis distinct, loreal region concave; eye large and 
slightly projecting from sides of head; tympanum round, 
distinct; supratympanic fold present; tips of fingers and 
toes rounded and slightly swollen; toe webbing and large 
dermal fringes on toes present; dorsal surface of head and 
body, upper part of flanks with tubercles; dorsolateral 
fold absent; ventral surface translucent, granules 
becoming more distinct on belly and body flanks; dorsal 
coloration brown with dark blotches, in irregular shapes; 
dark spots on flanks absent; dorsal surface of forelimbs 
and hindlimbs pinkish-brown with dark bars; throat with 
yellow spots; chest, belly whitish; webbing dark brown; 
iris bicolored (orange above, light golden below). 

Ecological notes. The individuals in Longcheng 
District were found at ca. 1900-2130 h either on the leaf 
litter near rocks close to the stream or in bamboo forest 
on the leaf litter during a light rain. The individuals from 
Xay District were found on the leaf litter alongside the 
road and walking trails, and surrounding habitat was 
montane to submontane moist evergreen forest and partly 
riverine forest. 

Distribution. In Laos, this species has _ been 
previously recorded from Phongsali and Bolikhamxai 
provinces (Ohler et al. 2011). These are the first records 
from Xaisomboun and Oudomxai provinces. Elsewhere, 
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this species has been reported from China and Vietnam 
(Frost 2020). 

Remarks. Until recently regarded as a member of 
the genus Leptolalax Dubois, 1980, but transferred 
to the genus Leptobrachella Smith, 1925 based on the 
molecular results of Chen et al. (2018). 


Leptobrachium smithi Matsui, Nabhitabhata, and 
Panha, 1999 
Smith’s Spadefoot Toad (Fig. 3F) 


Two individuals of L. smithi were observed by P. Brakels 
and N. Maury on 25 August 2019 in Xay District, 
Oudomxai Province (20°39.598’N, 102°04.241’E; 
elevation 850 m asl). 

Morphological characters of the individuals from 
Oudomxai Province agreed well with the descriptions of 
Matsui et al. (1999) and Pawangkhanant et al. (2018). 
The photographed individual (Fig. 3F) agrees with the 
diagnosis of L. smithi in the following characters: medium 
body size; snout obtusely pointed, barely projecting 
beyond lower jaw; canthus rostralis distinct, sharp; loreal 
region slightly concave; eye large, projecting from sides 
of head; tympanum round, distinct; supratympanic fold 
present; tips of fingers and toes rounded and slightly 
swollen; dorsal surface nearly smooth, with minute 
granules scattered behind; ventral surfaces weakly 
granular; dorsal coloration gray brown with distinct 
dark markings; tympanum covered with dark markings; 
bicolored iris (black bellow and bright yellow above). 

Ecological notes. The individuals were found at 
ca. 2200 h on the leaf litter along the side of a road in 
a mountain valley. The surrounding habitat was moist 
evergreen forest including parts of riverine forest. 

Distribution. In Laos, this species has been 
previously recorded from Louangphabang, Vientiane, 
and Xaignabouli provinces (Pawangkhanant et al. 
2018). This is the first record from Oudomxai Province. 
Elsewhere, this species has been reported from Myanmar, 
Thailand, and peninsular Malaysia (Frost 2020). 


Ophryophryne pachyproctus Kou, 1985 
Yunnan Mountain Toad (Fig. 4A) 


One individual of O. pachyproctus was observed 
by P. Brakels and N. Maury on 15 April 2019 in 
Xanakharm District, Vientiane Province (18°12.517’N, 
101°54.933’E; elevation 525 m asl); another individual 
was recorded by P. Brakels and P. Pawangkhanant on 
18 July 2019 in Longcheng District site 1, Xaisomboun 
Province (19°00.983’N, 102°59.645’E; elevation 1,240 
m asl); subsequently several individuals were observed 
calling by P. Brakels, N. Maury, and S. Sudavanh on 27 
December 2019 in Phiang District site 2, Xaignabouli 
Province (19°4.748’N, 101°24.231’E; elevation 870 m 
asl). 

Morphological characters of the individuals from 
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Vientiane, Xaisomboun, and Xaignabouli provinces 
agreed well with the descriptions of Kou (1895), Fei et 
al. (2010), and Poyarkov et al. (2017). The photographed 
individual (Fig. 4A) agrees with the diagnosis of O. 
pachyproctus in the following characters: small body 
size, habitus slender; snout short, sharply protruding in 
profile, projecting significantly beyond lower jaw; canthus 
rostralis distinct, sharp; loreal region slightly concave; 
eyes large, dorsally and laterally protuberant; tympanum 
round, distinct; supratympanic fold present; tips of 
fingers and toes rounded and slightly swollen; dorsal 
surface shagreened, with numerous small skin asperities 
present; ventral surfaces weakly granular; eyes with a 
large horns on the upper eyelid; dorsolateral glandular 
ridge connected to posterior tips of H-shaped glandular 
parietoscapular-sacral ridge; dermal protuberance with 
dermal flaps above cloacal opening well-developed; 
coloration of dorsum pale gray olive-brown:; iris golden. 

Ecological notes. The first individual was found 
on a steep slope in a narrow gorge at ca. 2000 h after 
some light rain, and surrounding habitat at the former 
site was moist mixed evergreen forest in a narrow gorge 
in larger dry evergreen hill forest with an abundance 
of bamboo. The individuals from Longcheng District 
were recorded at ca. 2100-2200 h when calling from 
vegetation near mountain streams, and surrounding 
habitat was polydominant montane evergreen forest. In 
Phiang District, several individuals were calling amongst 
the leaf litter and in the vegetation along the steep banks 
of the stream. The cool dry season (December—January) 
appears to be the breeding season of this species in Laos. 

Distribution. In Laos, this species has _ been 
previously recorded only from Louangphabang Province 
(Teynié et al. 2014). This is the second record from the 
country as well as the first from Vientiane, Xaisomboun, 
and Xaignabouli provinces. Elsewhere, this species has 
been previously reported from China and Vietnam (Frost 
2020). 

Remarks. We follow Chen et al. (2017) in recognizing 
Ophryophryne as a distinct genus. 


Xenophrys palpebralespinosa (Bourret, 1937) 
Spiny Horned Toad (Fig. 4B) 


Several individuals of P. palpebralespinosa were 
observed by P. Brakels, P. Pawangkhanant, T.V. Nguyen, 
S. Idiatullina, and N.A. Poyarkov on 16 July 2019 
on the northern slope of Phou Samsoum Mountain, 
Mork District, Xiangkhouang Province (19°08.494’N, 
103°46.867’E; elevation 2,070 m asl). 

Morphological characters of the individuals from 
Xiangkhouang Province agreed well with the descriptions 
of Bourret (1937) and Fei et al. (2010). The photographed 
individual (Fig. 4B) agrees with the diagnosis of P. 
palpebralespinosa in the following characters: small to 
medium body size, dorsoventrally compressed; snout 
bluntly rounded, slightly protruding; canthus rostralis 
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; (B) Xenophrys palpebralespinosa in Mork 


District, Xiangkhouang Province; (C) Glyphoglossus guttulatus in Pathoumphone District, Champasak Province; (D) G. molossus 
in Savannakhet Province; (E) Rana johnsi in Xaignabouli Province; (F) Sy/virana cubitalis in Thongmyxay District, Xaignabouli 
Province. Photos by P. Pawangkhanant (A), P. Brakels (B—C), K. Inkhavilay (D), N. Maury (E), and P. Phiapalath (F). 


sharp; loreal region not concave, vertical; eyes large, 
protuberant, pupil horizontal oval; tympanum round, 
distinct; supratympanic fold present; tips of fingers and 
toes without disc; dorsal surface tuberous with large 
tubercles of different size; eyes with a series of short 
palpebral horns on the upper eyelid; dorsolateral folds 
absent; ventral surfaces smooth; coloration of dorsum 
light-brown with dark spots, alternating orange to beige 
spots; ventrally marbled with alternating dark and orange 
spots; iris brown. 

Ecological notes. The individuals were found at ca. 
1900-2300 h on the ground along the trail and near a 
small runoff stream. The surrounding habitat was 
polydominant high-elevation broadleaved montane 
forest. 
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Distribution. In Laos, this species has been previously 
recorded only from Houaphan Province (Teynié et al. 
2014). This is the second record from the country as well 
as the first from Xiangkhouang Province. Elsewhere, 
this species has been reported from China and northern 
Vietnam (Frost 2020). 

Remarks. We follow Chen et al. (2017) in recognizing 
Xenophrys as a distinct genus. Megophrys latidactyla 
was recently described from Pu Mat National Park in 
Nghe An Province of Vietnam, not far from the Vietnam- 
Lao international border and adjacent to Xiangkhouang 
Province of Laos (Orlov et al. 2015). More recently, Wu 
et al. (2019) suggested Megophrys latidactyla is a junior 
synonym of Xenophrys palpebralespinosa. 
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Family Microhylidae Giinther 


Glyphoglossus guttulatus (Blyth, 1856) 
Burmese Squat Frog (Fig. 4C) 


Several individuals of G. guttulatus were observed by 
K. Inkhavilay on 19 May 2018 in Xonnabouly District, 
Savannakhet Province (16°16.071’N, 105°38.594’E; 
elevation 140 m asl). One individual was observed 
by P. Brakels on 14 March 2019 in Kiat Ngong 
Village, Pathoumphone District, Champasak Province 
(14°41.023’N, 106°06.413’E; elevation 170 m asl) and 
another individual was observed by P. Brakels and N. 
Maury on 10 August 2019 in Bortaen District site 2, 
Xaignabouli Province (17°47.338’N, 101°04.359’E; 
elevation 475 m asl). 

Morphological characters of the individuals from 
Savannakhet, Champasak, and Xaignabouli provinces 
agreed well with the descriptions of Taylor (1962) and 
Vassilieva et al. (2016). The photographed individual 
(Fig. 4C) agrees with the diagnosis of G. guttulatus in 
the following characters: body habitus stocky, roughly 
triangular in shape; head wide and short, with blunt snout; 
tympanum indistinct; supratympanic fold distinct; limbs 
short; tips fingers and toes without discs; dorsal surfaces 
finely granulate with lager tubercles scattered on sides of 
neck and shoulders; coloration of dorsum brownish with 
scattered irregular brown blotches of different size. 

Ecological notes. The individuals from Savanakhet 
Province were found in riverine forest and seasonally 
dry dipterocarp forest with patches of mixed deciduous 
forest. The individual from Champasak Province was 
found near a seasonal pond in the village, in an open area 
surrounded by seasonally flooded riparian secondary 
disturbed forest. The individual from Xaignabouli 
Province was found along the roadside in disturbed 
secondary dry evergreen hill forest. 

Distribution. In Laos, this species has previously 
only been reliably recorded from Vientiane Province 
(Stuart 1999). This is the second record from the country 
as well as the first from Xaignabouli, Savannakhet, and 
Champasak provinces. Moreover, G. guttulatus was also 
recorded in June 2018 in Khammouan Province (Teynié, 
pers. comm.). Elsewhere, this species has been reported 
from Myanmar, Vietnam, Cambodia, Thailand, and 
peninsular Malaysia (Vassilieva et al. 2016). 


Glyphoglossus molossus Ginther, 1869 
Blunt-headed Balloon Frog (Fig. 4D) 


One individual of G. molossus was observed by K. 
Inkhavilay on 19 May 2018 in Xonnabouly District, 
Savannakhet Province (16°16.071’N, 105°38.594’E; 
elevation 140 m asl). 

Morphological characters of the individual from 
Savannakhet Province agreed well with the descriptions 
of Taylor (1962) and Vassilieva et al. (2016). The 
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photographed individual (Fig. 4D) agrees with the 
diagnosis of G. molossus in the following characters: 
large body size with robust, stocky habitus; head wide and 
short, with sharply truncated snout; tympanum indistinct; 
supratympanic fold distinct; limbs short; webbing on 
toes developed; tips of fingers and toes without discs; eye 
small; skin on dorsum thick, glandular, ventral surfaces 
smooth; dorsal coloration dark gray, with obscure yellow 
speckling; ventral surfaces whitish. 

Ecological notes. Specimen was recorded near the 
bank of a small river in riparian forest, consisting partly 
of remains of seasonally dry dipterocarp forest with 
patches of mixed deciduous forest. 

Distribution. In Laos, this species has been previously 
recorded from Salavan Province, where it 1s sold in 
markets for food (Stuart 1999). This is the first confirmed 
country record of this species in the wild, as well as the 
first record from Savannakhet Province. Moreover, G. 
molossus is also regularly reported from the market near 
the city of Pakse, Champasak Province, and in Vientiane 
Province and Vientiane Prefecture, where it is also sold 
for food (Manthey and Manthey 2017b; N. Maury, pers. 
obs.). Elsewhere, this species has been reported from 
Myanmar, Vietnam, Cambodia, Thailand, and peninsular 
Malaysia (Vassilieva et al. 2016). 


Family Ranidae Batsch 


Rana johnsi Smith, 1921 
Johns’ Frog (Fig. 4E) 


One individual of R. johnsi was observed by P. Brakels 
and N. Maury on 27 December 2019 in Phiang District site 
2, Xaignabouli Province (19°04.748’N, 101°24.231’E; 
elevation 870 m asl). 

Morphological characters of the individual from 
Xaignabouli Province agreed well with the descriptions 
of Inger (1999) and Neang and Holden (2008). The 
photographed individual (Fig. 4E) agrees with the 
diagnosis of R. johnsi in the following characters: 
medium body size; snout obtusely pointed, projecting 
beyond lower jaw; canthus rostralis distinct, loreal 
region concave, oblique; pupil round; tympanum round, 
distinct, supratympanic fold absent; tips of fingers and 
toes without discs; dorsal surface smooth with some 
small tubercles, granular on tibia; coloration of dorsum 
light brown, tympanum covered by a dark lozenge, flanks 
pale whitish-brown anteriorly, yellow posteriorly, upper 
surface of limbs with narrow grayish transverse bars; 
ventral surface of throat, chest and anterior belly cream; 
posterior belly slight yellow, thighs yellow-lemon. 

Ecological notes. The individuals were found at 
ca. 2000-2100 h on the ground among leaf litter at 
the entrance of a hole on the steep bank of a stream. 
The surrounding habitat was evergreen forest with 
an abundance of palm trees (Arecaceae) and bamboo 
thickets. 
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Distribution. In Laos, this species has been recorded 
from Bolikhamxai and Khammouan provinces (Stuart 
2005). This is the second record from the country as well 
as the first from Xaignabouli Province. Elsewhere, this 
species has been reported from China, Taiwan, Vietnam, 
Cambodia, and Thailand (Frost 2020). 


Sylvirana cf. cubitalis (Smith, 1917) 
Siam Stream Frog (Fig. 4F) 


Several individuals of S. cubitalis were observed by 
P. Phiapalath on 28 December 2019 in Nam Phouy 
NPA, Thongmyxay District, Xaignabouli Province 
(18°35.928’N, 101°17.054’E; elevation 630 m asl). 

Morphological characters of the individuals from 
Xaignabouli Province agreed well with the descriptions 
of Taylor (1962), Stuart et al. (2006), Ohler (2007), 
Fei et al. (2010), Pham et al. (2014), and Manthey and 
Manthey (2017a). The photographed individual (Fig. 4F) 
agrees with the diagnosis of S. cubitalis in the following 
characters: body medium-sized; snout obtusely pointed; 
canthus rostralis distinct, loreal region slightly concave; 
pupil round; tympanum round, distinct; supratympanic 
fold present; fingers free of webbing without discs; toes 
with small discs, webbing well developed; dorsal skin 
rough; tympanum and flanks region with small tubercles; 
tubercles forming longitudinal ridges on dorsal surface 
of limbs; dorsolateral fold distinct; coloration of dorsum 
reddish-brown, canthal streak black; tympanum dark 
brown; flanks brownish-gray with black spots; upper 
hindlimbs with wide dark pale bars; ventral surface 
cream. 

Ecological notes. The individuals were found at ca. 
1900-2000 h perched on rocks and fallen logs along the 
stream. The surrounding habitat consisted of riparian 
vegetation and evergreen forest with an abundance of 
palm trees (Arecaceae). 

Distribution. In Laos, this species has been recorded 
from Phongsali and Louangnamtha provinces (Stuart 
et al. 2006; Manthey and Manthey 2017a). This is the 
first record from Xaignabouli Province. Elsewhere, 
this species has been reported from China, Myanmar, 
Vietnam, and Thailand (Frost 2020). 


Family Rhacophoridae Hoffman 


Chirixalus doriae Boulenger, 1893 
Doria’s Foam-nest Treefrog (Fig. 5A) 


Several individuals of C. doriae were observed by N. 
Maury on 15 July 2017 in Phonghong District, Vientiane 
Province (18°30.202’N, 102°24.121’E; elevation 190 m 
asl); one other individual was observed by P. Brakels on 
3 July 2019 in Champhone District site 1, Savannakhet 
Province (16°21.500’N, 105°14.229’E; elevation 150 
m asl) and two other individuals were observed by N. 
Maury on 21 August 2019 in Xay District, Oudomxai 
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Province (20°39.598’N, 102°04.241’E; elevation 850 m 
asl). 

Morphological characters of the individuals from 
Vientiane, Oudomxai, and Savannakhet provinces 
agreed well with the descriptions of Taylor (1962), Fei et 
al. (2010), and Aowphol et al. (2013). The photographed 
individual (Fig. 5A) agrees with the diagnosis of C. 
doriae in the following characters: small body size, 
elongated body habitus; snout pointed; canthus rostralis 
obtuse; loreal region slightly concave; eye large, 
protruding, pupil horizontal; tympanum round, distinct; 
supratympanic fold present; 1‘ and 2 fingers oppose 
3 and 4" fingers; tips of fingers and toes expanded 
into large discs; dorsal surface smooth; ventral surface 
glandular; coloration of dorsal uniform yellowish with 
brownish longitudinal stripes, ventral surfaces cream, 
undersides of thighs yellowish; tips of fingers and toes 
orange; iris golden. 

Ecological notes. Most individuals were observed 
at ca. 1900-2200 h calling along the road in vegetation 
overhanging water puddles. Two individuals, male and 
female, were observed in amplexus at ca. 1.0-1.5 m 
from the forest floor, not near any standing water, but 
during light rain. The surrounding habitat was riparian 
vegetation and mixed secondary forest with dense shrubs. 

Distribution. In Laos, C. doriae has been previously 
recorded from Louangprabang, Houaphan, Xaignaboul1, 
and Champasak provinces (Stuart 2005; Ohler and 
Grosjean 2006). This is the first record of this species 
from Vientiane, Oudomxai, and Savannakhet provinces. 
Elsewhere, this species has been reported from India, 
China, Myanmar, Vietnam, Cambodia, and Thailand 
(Frost 2020). 

Remarks. Until recently this species was assigned to 
the genus Chiromantis Peters, 1854, but it 1s re-assigned 
to Chirixalus Boulenger, 1893 based on the recent 
phylogenetic data of Chen et al. (2020). 


Chirixalus nongkhorensis (Cochran, 1927) 
Nongkhor Foam-nest Treefrog (Fig. 5B) 


Several individuals of C. nongkhorensis were observed 
by P. Brakels on 3 July 2019 in Champhone District site 
1, Savannakhet Province (16°21.500’N, 105°14.229’E; 
elevation 150 m asl); several other individuals were 
observed by P. Brakels, P. Pawangkhanant, T.V. Nguyen, 
and N.A. Poyarkov on 12 July 2019 in Khounkham 
District site 1, Khammouan Province (18°12.543’N, 
104°30.528’E; elevation 350 m asl); one individual was 
observed by P. Brakels on 10 August 2019 in Bortaen 
District site 2, Xaignabouli Province (17°47.338°N, 
101°04.359’E; elevation 475 m asl). 

Morphological characters of the individuals from 
Khammouan, Savannakhet, and Xiagnabouly provinces 
agreed well with the descriptions of Taylor (1962), 
Aowphol et al. (2013), and Vassilieva et al. (2016). 
The photographed individual (Fig. 5B) agrees with 
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Fig. 5. (A) Chirixalus doriae in Xay District, Oudomxai Province; (B) C. nongkhorensis in Khounkham District, Khammouan 


Province; (C) Gracixalus quangi in Longcheng District, Xaisomboun Province; (D) G. guyeti in Khounkham District, Khammouan 
Province; (E) Rhacophorus kio in Bortaen District, Xaignabouli Province; (F) R. rhodopus in Mork District, Xiangkhouang 


Province. Photos by P. Brakels. 


the diagnosis of C. nongkhorensis in the following 
characters: small body size with elongated habitus; snout 
pointed; canthus rostralis obtuse; loreal region slightly 
concave; eye large, protruding with horizontal pupil; 
tympanum round, distinct, supratympanic fold sharp, 
prominent; 1t and 2™ fingers oppose 3 and 4" fingers; 
tips of fingers and toes bearing large discs; dorsal 
surface slightly shagreened; ventral surface glandular; 
coloration of dorsum uniform yellowish-brown without 
longitudinal stripes, ventral surfaces cream, tips finger 
and toes yellowish; iris golden. 

Ecological notes. The individuals were found at ca. 
1900-2200 h when calling along the road in vegetation 
overhanging water puddles. The surrounding habitat was 
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secondary disturbed mixed evergreen forest consisting of 
bamboo, dense shrubs, and lianas. 

Distribution. In Laos, C. nongkhorensis has been 
recorded from Vientiane and Champasak provinces 
(Stuart 2005). This is the first record of this species from 
Khammouan, Savannakhet, and Xaignabouli provinces. 
Elsewhere, this species has been recorded from 
Myanmar, Vietnam, Cambodia, Thailand, and Malaysia 
(Frost 2020). 

Remarks. Until recently this species was assigned 
to the genus Chiromantis Peters, 1854, but it was re- 
assigned to Chirixalus Boulenger, 1893 based on the 
recent phylogenetic data of Chen et al. (2020). 
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Gracixalus quangi Rowley, Dau, Nguyen, Cao, and 
Nguyen, 2011 
Quang’s Bushfrog (Fig. 5C) 


Several individuals of G. quangi were observed by 
P. Brakels and N. Maury on 16 February 2019 in 
Kasy District, Vientiane Province (18°92.980’N, 
102°23.398’E; elevation 550 m asl) and a few individuals 
were observed by P. Brakels in Longcheng District 
site 2, Xaisomboun Province, both on 27 April 2019 
(19°00.813’N, 102°39.488’E; elevation 940 m asl) and 
on | June 2019 (19°00.983’N, 102°59.645’E; elevation 
1,240 m asl). 

Morphological characters of the individuals from 
Vientiane and Xaisomboun provinces agreed well 
with the descriptions of Rowley et al. (2011) and 
Pham et al. (2019). The photographed individual (Fig. 
5C) agrees with the diagnosis of G. quangi in the 
following characters: small body size; snout pointed; 
canthus rostralis distinct, loreal region slightly concave; 
tympanum distinct, supratympanic fold present; tips of 
fingers and toes enlarged into round discs; tibiotarsal 
projection present; dorsal surface with small tubercles; 
largest and most concentrated on eyelids; coloration of 
dorsum olive-green, with brighter pale green on dorsal 
surface of upper arms; line of large olive-brownish spots 
running from axilla to groin; anterior surface of thighs, 
groin, and axilla yellowish; ventral surface of throat, 
chest, and belly opaque white with translucent pale green 
margins. 

Ecological notes. The individuals from Vientiane 
Province were found in a narrow gorge in the vegetation 
along a small stream during and after heavy rain at ca. 
2200 h. The individuals from Xaisomboun Province 
were found at ca. 1900-2230 h in vegetation along the 
stream. The surrounding habitat of the latter site was 
moist montane mixed evergreen forest. 

Distribution. Prior to these records, this species was 
considered endemic to northern Vietnam. This is the 
first country record for Laos, at locations ca. 267 km 
southwest from the type locality in Pu Hoat Proposed 
Nature Reserve, Que Phong District, Nghe An Province, 
Vietnam (Rowley et al. 2011). 


Gracixalus quyeti (Nguyen, Hendrix, Béhme, Vu, and 
Ziegler, 2008) 
Quyet’s Bushfrog (Fig. 5D) 


Two individuals of G. guyeti were observed by P. Brakels 
and N. Maury on 15 November 2018 in Khounkham 
District site 2, Khammouan Province (17°57.160’N, 
104°43.793’E; elevation 500 m asl). 

Morphological characters of the individuals from 
Khammouan Province agreed well with the description 
of Egert et al. (2017). The photographed individual 
(Fig. 5D) agrees with the diagnosis of G. guyeti in the 
following characters: small body size; snout rounded; 
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canthus rostralis distinct, loreal region slightly concave; 
tympanum distinct, supratympanic fold present; tips of 
fingers and toes enlarged into round discs; tibiotarsal 
projection absent; dorsal surface with small sharp 
tubercles; coloration of dorsum gray with brown 
marbling; ventral surface of throat, chest and belly 
yellowish. 

Ecological notes. The individual was found at ca. 
2100 h hiding in rock crevices a few meters inside a 
limestone cave. The surrounding habitat was dry mixed 
evergreen forest on limestone within close proximity of 
riverine forest. 

Distribution. In Laos, this species has been previously 
recorded from Hin Nam No NPA, Boualapha District, 
Khammouan Province, near the Vietnam border (Egert 
et al. 2017). This is the first record from Khounkham 
District, Khammouan Province, which represents a range 
extension of ca. 150 km to the northwest. Elsewhere, this 
species has been reported from central Vietnam (Frost 
2020). 


Rhacophorus kio Ohler and Delorme, 2006 
Kio Flying Frog (Fig. 5E) 


One individual of R. kio was observed by P. Brakels and 
N. Maury on 10 August 2019 in Bortaen District site 
2, Xaignabouli Province (17°47.338’N, 101°04.359’E; 
elevation 475 m asl). 

Morphological characters of the individual from 
Xaignabouli agreed well with the descriptions of Ohler 
et al. (2006) and Fei et al. (2010). The photographed 
individual (Fig. 5E) agrees with the diagnosis of R. Azo in 
the following characters: large body size, rather slender 
body habitus; snout pointed, not protruding; pupil 
horizontal, rounded; canthus rostralis rounded; loreal 
region slightly convex; tympanum round; supratympanic 
fold distinct; tips of fingers and toes enlarged into round 
discs; toes and finger webbing complete; dermal folds 
along limbs well-developed; supracloacal fold and tarsal 
projections present; dorsal surfaces smooth; ventral 
surface granular; coloration of dorsum green with white 
dots, a large black spot at the axilla, ventral surface 
yellow, posterior surfaces of thighs yellowish-orange, 
webbing orange with an ink black spot at base; iris 
golden with yellow sclera. 

Ecological notes. The individual was found at ca. 
2100 h in the dense vegetation along the edge of the road 
above the river. The surrounding habitat was disturbed 
secondary dry evergreen hill forest. 

Distribution. In Laos, this species has been previously 
recorded from Phongsali, Bokeo, Louangphabang, 
Houaphan, Vientiane, Khammouan, and Xekong 
provinces (Ohler and Grosjean 2006; Ohler et al. 2006; 
Rowley et al. 2012; Teynié et al. 2014). This is the first 
record from Xaignabouli Province. Elsewhere, this 
species has been reported from India, China, Myanmar, 
Vietnam, and Thailand (Frost 2020). 
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Rhacophorus rhodopus Liu and Hu, 1960 
Red-webbbed Treefrog (Fig. 5F) 


Several individuals of R. rhodophus were observed by P. 
Brakels, P. Pawangkhanant, T.V. Nguyen, S. Idiiatullina, 
and N.A. Poyarkov on 16 July 2019 on the northern 
slope of Phou Samsoum mountain, Mork District, 
Xiangkhouang Province (19°08.494’N, 103°46.867’E; 
elevation 2,050 m asl) and one individual was observed 
by P. Brakels and N. Maury on 26 October 2019 along 
the fringes of Dong Hua Sao NPA in Paksong (2) District, 
Champasak Province (15°03’53.1”N, 106°12°44.6”E; 
elevation 1,250 m asl). 

Morphological characters of the individuals from 
Xiangkhouang and Champasak provinces agreed well 
with the descriptions of Bordoloi et al. (2007) and Fei 
et al. (2010). The photographed individual (Fig. 5F) 
agrees with the diagnosis of R. rhodopus in the following 
characters: body medium-sized with rather slender 
habitus; snout pointed, not protruding; pupil rounded 
and horizontal; canthus rostralis rounded, loreal region 
slightly convex; tympanum round; supratympanic fold 
distinct; tips of fingers and toes enlarged into round 
discs; finger webbing reduced; dermal folds along limbs 
developed; supracloacal fold and tarsal projections 
present; dorsal surfaces smooth; ventral surface granular; 
coloration of dorsum orange-brown, with small dark 
spots, a large bluish-black spot on flank; ventral surfaces 
yellow, webbing reddish with an ink black spot at base; 
iris golden. 

Ecological notes. The individuals were found at ca. 
1900-2200 h when calling along the road in vegetation 
about a height of ca. 1-3 m; surrounding habitat was 
montane broadleaved forest. The individual from 
Champasak Province was found in the vegetation at a 
height of ca. 1-2 m along a large fast flowing stream; 
surrounding habitat was moist montane evergreen forest. 

Distribution. In Laos, this species has been previously 
recorded from Phongsali and Louangphabang provinces 
(Bordoloi et al. 2007). This is the first record from 
Xiangkhouang and Champasak provinces. Elsewhere, 
this species has been reported from India, China, 
Myanmar, Vietnam, Cambodia, Thailand, and peninsular 
Malaysia (Frost 2020). 


Theloderma albopunctatum (Liu and Hu, 1962) 
White-spotted Bug-eyed Frog (Fig. 6A) 


Two individuals of 7? albopunctatum were observed by 
N. Maury on 13 November 2018 in Phou Khao Khouay 
NPA, Hom District, Xaisomboun Province (18°30.552’N, 
103°28.787°E; elevation 350 m asl) at the border with 
Bolikhamxai Province. 

Morphological characters of the individuals from 
Xaisomboun Province agreed well with the descriptions 
of Liu and Hu (1962), Fei et al. (2010), and Poyarkov 
et al. (2015). The photographed individual (Fig. 6A) 
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agrees with the diagnosis of 7? albopunctatum in the 
following characters: small body size, slender habitus; 
snout rounded; pupil rounded and horizontal; tympanum 
round; supratympanic fold slight distinct; canthus 
rostralis indistinct; loreal region slightly concave, 
oblique; dorsal surfaces covered by tubercles with 
whitish granular asperities; coloration of dorsal surfaces 
of head and body whitish-gray with a small brown bar 
between eyes; scapular area with a large chocolate- 
brown chevron, posterior part of body whitish; dorsal 
surface of forelimbs and hindlimbs light chocolate with 
some crossbar brown marking; ventral surface gray with 
white marking. 

Ecological notes. The individuals were found at 
ca. 2000 h in vegetation at a height of ca. 2 m near the 
stream. The surrounding habitat was mixed dry evergreen 
hill forest. 

Distribution. In Laos, this species has been recorded 
from Louangphabang, Vientiane, and Khammouan 
provinces (Stuart et al. 2005; Ohler and Grosjean 2006). 
This is the first record from Xaisomboun Province. This 
Species 1s also expected to be found in the Bolikhamxai 
provincial part of Phou Khao Khouay NPA. Elsewhere, 
this species has been reported from India, China, 
Myanmar, Vietnam, and Thailand (Frost 2020). 

Remarks. The taxonomy of the Theloderma 
asperum complex is confusing and has been recently 
reviewed (Poyarkov et al. 2015; Dever 2017); correct 
identification of species is often possible only with the 
application of molecular methods. We tentatively assign 
the Laotian populations to 7’ albopunctatum based on 
distribution and preliminary results of Poyarkov et al. 
(2015). 


Theloderma gordoni Taylor, 1962 
Gordon’s Bug-eyed Frog (Fig. 6B) 


One individual of 7’ gordoni was observed by P. Brakels 
and N. Maury on 26 December 2019 in Phiang District site 
2, Xaignabouli Province (19°04.748’N, 101°24.231’E; 
elevation 870 m asl). 

Morphological characters of the individual from 
Xaignabouli Province agreed well with the descriptions 
of Taylor (1962) and Qi et al. (2018). The photographed 
individual (Fig. 6B) agrees with the diagnosis of T. gordoni 
in the following characters: large body size, flattened 
and stout; snout truncate; canthus prominent, loreal 
region slightly concave, oblique; pupil circular; nostrils 
nearer to tip of the snout than to eyes; tympanum round, 
distinct; supratympanic fold present; tips of fingers and 
toes enlarged into round discs; dorsal surfaces rough with 
large irregular gland ridges and warts; ventral surface 
smooth with thickened granules; coloration of dorsum 
dark coffee with some clustered light orange enlarged 
gland ridges on the lateral part from the posterior edge of 
tympanum over the shoulder extending backwards to the 
upper edge of cloacae; ventral surface slightly dark with 
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Fig. 6. (A) Theloderma albopunctatum in Hom District, Xaisomboun Province; (B) 7’ gordoni in Phiang District, Xaignabouli 
Province; (C) lateral view and (D) ventral view of 7. /ateriticum in Vang Vieng District, Vientiane Province; (E) 7? peti/um in Kasy 
District, Vientiane Province; (F) Zhangixalus feae in Xay District, Oudomxai Province. Photos by P. Brakels (A—C, E—F) and N. 


Maury (D). 
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numerous, irregular whitish-gray spots and speckles. 

Ecological notes. The individual was found at ca. 
2000 h perched on a small branch near a large tree on the 
steep bank of the stream. The individual was found 1n the 
vicinity of Rana johnsi in the same habitat. 

Distribution. In Laos, this species has been recorded 
from Houaphan and Louangnamtha provinces (Qi et al. 
2018). This is the first record from Xaignabouli Province. 
Elsewhere, this species has been reported from China, 
Taiwan, Vietnam, and Thailand (Frost 2020). 


Theloderma lateriticum Bain, Nguyen, and Doan, 2009 
Brick-red Bug-eyed Frog (Fig. 6C—D) 


One individual of 7! /ateriticum was observed by P. 
Brakels and N. Maury on 5 January 2019 in Vang 
Vieng District, Vientiane Province (18°96.776’N, 
102°39.689’E; elevation 1,130 m asl). 

Morphological characters of the individual from 
Vientiane Province agreed well with the description of 
Bain et al. (2009). The photographed individual (Fig. 
6C-D) agrees with the diagnosis of T° /ateriticum in the 
following characters: small body size, dorsoventrally 
compressed body; snout slightly rounded; canthus 
rostralis distinct, rounded; loreal region oblique, slightly 
concave vertical; tympanum distinct, supratympanic 
fold distinct; tips of fingers and toes enlarged into round 
discs; dorsal surfaces granular, bearing tiny keratinized 
spicules; coloration of dorsum deep brick-red with some 
black blotches; ventral surface of throat, chest and belly 
grayish-brown with cream spots; iris brick-red. 

Ecological notes. The individual was found on the 
ground (presumably, it had jumped onto the ground after 
it was disturbed by us) in a small dry rocky natural run 
off channel near a steep slope in dry mixed evergreen 
montane forest. 

Distribution. This is the first country record for Laos, 
ca. 260 km southwest from the type locality in Nam Tha 
Commune, Van Ban District, Lao Cai Province, Vietnam 
(Bain et al. 2009). Elsewhere, this species has been 
reported from Vietnam and southern China (Chen et al. 
2019). 


Theloderma petilum (Stuart and Heatwole, 2004) 
Slender Bug-eyed Frog (Fig. 6E) 


One individual of 7) petilum was observed by P. Brakels 
and N. Maury on 15 April 2019 in Xanakharm District, 
Vientiane Province (18°12.510’N,  101°54.933’E; 
elevation 525 m asl). 

Morphological characters of the individual from 
Vientiane Province agreed well with the descriptions of 
Stuart and Heatwole (2004), Nguyen et al. (2014), and 
Phusaensri et al. (2018). The photographed individual 
(Fig. 6E) agrees with the diagnosis of 7: petilum 
in the following characters: small body size, very 
slender, elongate body habitus; snout slightly rounded; 
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pupil round; tympanum round, small, clearly visible; 
supratympanic fold distinct; loreal region slightly 
concave, oblique; tips of fingers and toes enlarged into 
round discs; dorsal surfaces smooth with microscopic 
white asperities on head, eyelids, back, dorsal surface of 
tibia and forelimbs, and anterior half of flanks; coloration 
of dorsum with dark-brown stripe below the edge of 
canthus rostralis extending from tip of snout to flanks 
near the level of mid-body; brownish-black spot slightly 
anterior to groin. 

Ecological notes. The individual was found at 
ca. 2000 h in dense vegetation. Several individuals 
were calling along a small stream surrounded by large 
bamboo tangles. The surrounding habitat was mixed dry 
evergreen hill forest. 

Distribution. In Laos, this species has been previously 
recorded only from Phongsali Province (Stuart and 
Heatwole 2004). This is the second record from the 
country as well as the first from Vientiane Province. 
Elsewhere, this species has been reported from Vietnam 
and Thailand (Phusaensri et al. 2018). 


Zhangixalus feae (Boulenger, 1893) 
Fea’s Large Treefrog (Fig. 6F) 


One subadult individual of Z. feae was observed 
by P. Brakels and N. Maury on 24 August 2019 in 
Xay District, Oudomxai Province (20°39.598’N, 
102°04.241’E; elevation 1,150 m asl). Two adult 
individuals were observed by P. Brakels on 9 November 
2019 in Phoukhoun District, Louangphabang Province 
(19°18.897°N, 102°30.883’E; elevation 1,350 m asl). 

Morphological characters of the individual from 
Oudomxai Province agreed well with the description 
of Fei et al. (2010). The photographed individual (Fig. 
6F) agrees with the diagnosis of Z. feae in the following 
characters: large body size; snout rounded, not protruding; 
pupil oval and horizontal; canthus rostralis distinct; 
loreal region concave; tympanum round; supratympanic 
fold distinct; tips of fingers and toes enlarged into round 
discs; toe and finger webbing complete; dermal folds 
along limbs, supracloacal fold and tarsal projections 
absent; dorsal surfaces smooth; ventral surfaces granular; 
coloration of dorsum green with some irregular yellow 
spots; ventral surface cream; iris emerald-green. 

Ecological notes. The individual at Oudomxai 
Province was found at ca. 2200 h in dense vegetation 
near the stream, surrounding habitat was mixed mature 
evergreen forest. The individuals from Louangphabang 
Province were found at ca. 1530 h in vegetation 
overhanging a small stream which originated from a 
spring nearby, surrounding habitat was open pastures 
and rice paddies with a mosaic of disturbed secondary 
montane mixed evergreen forest. 

Distribution. In Laos, this species has been previously 
recorded from Phongsali Province (Stuart 2005). This is 
the second confirmed record from the country as well as 
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(C) lateral view and (D) ventral view of Dendrelaphis cf. cyanochloris in Xay District, Oudomxai Province; (KE) Gonyosoma 
prasinum in Xay District, Oudomxai Province. Photos by P. Brakels. 


the first from Oudomxai and Louangphabang Provinces. 
Elsewhere, this species has been reported from China, 
Myanmar, Vietnam, and Thailand (Frost 2020). 


Reptilia: Squamata: Serpentes 
Family Colubridae Oppel 


Boiga cyanea (Duméril, Bibron, and Duméril, 1854) 
Green Cat Snake (Fig. 7A) 


One adult individual of B. cyanea was observed by P. 
Brakels on 17 April 2019 in Nam Phouy NPA, Phiang 
District site 1, Xaignabouli Province (18°50.424’N, 
101°23.811’E; elevation 600 m asl), and five other adult 
individuals were observed by P. Brakels and N. Maury on 
23-25 August 2019 in Xay District, Oudomxai Province 
(20°39.598’N, 102°04.241’E; elevation 750-1,150 m 
asl). 

Morphological characters of the individuals from 
Xaignaboul1 and Oudomxai provinces agreed well 
with the descriptions of Smith (1943), Taylor (1965), 
Ziegler et al. (2010), and Chan-ard et al. (2015). The 
photographed individual (Fig. 7A) agrees with the 
diagnosis of B. cyanea in the following characters: large 
body size, elongate body habitus; tail long; head distinct 
from neck; eye moderate in size; pupil vertically oval; 
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nasal undivided; loreal present, not entering the orbit; 1 
preocular; 2 postoculars; 2 anterior temporals; 3 posterior 
temporals; 8 supralabials, 1%‘ and 2™ in contact with the 
nasal, 2™ and 3" in contact with the loreal, 4°—5" entering 
orbit, 6" and 7" largest; dorsal scales entirely smooth; 
anterior vertebral scales slightly enlarged; ventrals 245; 
cloacal scale undivided; subcaudals 126, divided. Body 
coloration dorsally green, greenish-white on venter; 
dorsal surface of head light green; infralabials, chin and 
throat bluish, mouth black; eye silver. 

Ecological notes. The individual from Xaignabouli 
Province was found at ca. 2000 h moving in the 
vegetation at a height of ca. 2 m above the stream. The 
individuals from Oudomxai Province were recorded at 
ca. 2030-2200 h while moving in dense vegetation along 
the road and forest trails at height of ca. 1.5—3 m above 
the ground, all within close proximity of small streams 
and runoffs. The surrounding habitat at both sites was 
moist evergreen forest and riparian forest. 

Distribution. In Laos, this species has been previously 
recorded from Vientiane, Khammouan, and Champasak 
provinces (Teynié and David 2010). This is the first 
record of this species from Xaignabouli and Oudomxai 
provinces. Elsewhere, this species has been reported 
from India, Bangladesh, Bhutan, Nepal, China, Vietnam, 
Cambodia, Thailand, Myanmar, and Malaysia (Uetz et 
al. 2020). 
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Boiga multomaculata (Boie, 1827) 
Many-spotted Cat Snake (Fig. 7B) 


One adult individual of B. multomaculata was observed 
by P. Brakels on 26 February 2018 in Phou Hin Poun NPA, 
Nakai District, Khammouan Province (17°42.734N, 
104°57.302’E; elevation 220 m asl). 

Morphological characters of the individual from 
Khammouan Province agreed well with the descriptions 
of Smith (1943), Taylor (1965), Ziegler et al. (2010), 
and Chan-ard et al. (2015). The photographed 
individual (Fig. 7B) agrees with the diagnosis of B. 
multomaculata in the following characters: body 
medium-sized with elongate habitus; head distinct 
from neck; eye moderate in size; pupil vertically 
oval; nasal undivided; loreal present, not entering the 
orbit; 1 preocular; 2 postoculars; 2 anterior temporals; 
3 posterior temporals; 8 supralabials, 1%* and 2™ in 
contact with the nasal, 2" in contact with the loreal, 
3'_5" entering orbit, 6" and 7" largest; dorsal scales 
smooth; anterior vertebral scales slightly enlarged; 
ventrals 301; cloacal scale undivided; subcaudals 
112, divided. Coloration of dorsal surfaces of head 
with two dark brown stripes extending from snout to 
neck; dorsal surfaces of body grayish-brown with two 
alternating series of large, rounded, dark brown pale- 
edged blotches and two other series of much smaller 
spots on the sides of the body; eye gray; ventral surface 
whitish with small to large brown spots. 

Ecological notes. The individual was found at ca. 
2200 h under a wood log near a village; surrounding 
habitat was disturbed secondary mixed evergreen dry hill 
forest. 

Distribution. In Laos, this species has been previously 
recorded from Vientiane and Champasak provinces 
(Teynié and David 2010). This is the first record from 
Khammouan Province. Elsewhere, this species has been 
reported from Bangladesh, China, Vietnam, Cambodia, 
Thailand, Myanmar, Malaysia, Singapore, and Indonesia 
(Uetz et al. 2020). 


Dendrelaphis cf. cyanochloris (Wall, 1921) 
Wall’s Bronzeback (Fig. 7C—D) 


One adult individual of D. cf. cyanochloris was 
observed by P. Brakels and N. Maury on 24 August 
2019 in Xay District, Oudomxai Province (20°39.598’N, 
102°04.241’E; elevation 800 m asl). 

Morphological characters of the individual from 
Oudomxai Province agreed well with the descriptions 
of Vogel and van Rooijen (2007) and Chan-ard et al. 
(2015). The photographed individual (Fig. 7C—D) 
generally agrees with the diagnosis of D. cyanochloris 
in the following characters: very elongate, slender body; 
tail long; head long, distinct from neck; eye rather large; 
pupil round; nasal divided; loreal present, not entering the 
orbit; 1 preocular; 2 postoculars; 2 anterior temporals; 2 
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posterior temporals:; 9 supralabials, 1** and 2" in contact 
with the nasal, 2" and 3% in contact with the loreal, 
4h_6'h entering orbit, 6" and 7" largest; dorsal scales 
smooth without apical pits; anterior vertebral scales 
slightly enlarged: ventrals 184; cloacal scale undivided; 
subcaudals 153; divided. Coloration of dorsum grayish- 
bronze; reddish bronze on head and flanks, pale lateral 
stripe along flanks absent, skin between dorsal scales 
on flanks bluish-brown; supralabials, ventral surfaces of 
chin and anterior part of venter yellowish-green turning 
pale green posteriorly. 

Ecological notes. The individual was found at ca. 
2000 h while climbing a tree at a height of 3 m near a 
small forest stream with dense vegetation of shrubs and 
liana. The surrounding habitat was secondary mixed sub 
montane evergreen forest. 

Distribution. In Laos, this species has been previously 
recorded from Phongsali, Xiangkhouang, Houaphan, 
and Champasak provinces (Teynié et al. 2014). This is 
the first record from Oudomxai Province. Elsewhere, 
this species has been reported from India, Bangladesh, 
Bhutan, Myanmar, Thailand, and Malaysia (Jiang et al. 
2020; Uetz et al. 2020). 

Remarks. Dendrelaphis cyanochloris is morpho- 
logically similar to D. ngansonensis (Bourret), but 
differs from it by more distinctly bluish-brown flanks 
with brighter bluish tint vs. bronze-brown flanks with 
generally more subdued bluish hue, pale green belly 
vs. cream belly, the first row of dorsals bronze-brown 
vs. cream, and a generally smaller number of dentary 
teeth of 20-23 vs. 24-27 (see Ziegler and Vogel 1999; 
Vogel and van Rooijen 2007; data above). Based on 
molecular and morphological data, Jiang et al. (2020) 
demonstrated that D. ngansonensis likely belongs to 
the D. cyanochloris complex; genetic differentiation 
between these two taxa was found to be minimal while 
the main morphological differences relate to coloration 
in life (see above). Thus, recognizing the problematic 
taxonomy of D. cyanochloris complex, we tentatively 
indicate this population as D. cf. cyanochloris, pending 
further research. Additional sampling and molecular 
analysis are required for clarification of the taxonomic 
status of these two species. 


Gonyosoma prasinum (Blyth, 1854) 
Green Tree Snake (Fig. 7E) 


One adult individual of G. prasinum was observed by P. 
Brakels and N. Maury on 24 August 2019 in Xay District, 
Oudomxai Province (20°39.598’N, 102°04.241’E; 
elevation 750 m asl). 

Morphological characters of the individual from 
Oudomxai Province agreed well with the descriptions 
of Smith (1943), Stuart and Heatwole (2008), and 
Chan-ard et al. (2015). The photographed individual 
(Fig. 7E) agrees with the diagnosis of G. prasinum in 
the following characters: body slender, elongated; tail 
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Fig. 8. (A) Hebius chapaensis in Longcheng District, Xaisomboun Province; (B) H. /eucomystax in Paksong District, Champasak 


Province; (C) Lycodon fasciatus in Longcheng District, Xaisomboun Province; (D) L. futsingensis in Xay district, Oudomxai 
Province; (E) Ptyas multicincta (var. bicolor) in Gnommalath District, Khammouan Province; (F) P. multicincta (var. multicincta) 
in Vang Vieng District, Vientiane Province. Photos by P. Brakels (A, C, D), N. Maury (B, F), and P. Pawangkhanant (E). 


long; head slightly distinct from neck; eye moderate 
in size; pupil round; nasal divided; loreal present, not 
entering the orbit; 1 preocular; 2 postoculars; 2 anterior 
temporals; 3 posterior temporals; 9 supralabials, 1** and 
2™ in contact with the nasal 2™ and 3” in contact with 
the loreal, 4-6" entering orbit, 6" and 8" largest; dorsal 
scales faintly keeled; ventrals 193; cloacal scale divided; 
subcaudals 100; divided. Coloration of dorsum green 
with bicolored bluish-yellow ventrolateral stripe; skin 
between dorsal scales with blue and dark reticulations; 
dorsal surface of tail light brown; tongue reddish brown; 
ventral surfaces light yellow-green with some irregular 
blue spots, underside of tail yellowish. 

Ecological notes. The individual was observed at ca. 
2200 h in the vegetation at a height of 4 m above the 
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ground coiled in a sleeping position. The surrounding 
habitat was mixed dry evergreen hill forest. 

Distribution. In Laos, this species has been previously 
recorded only from Champasak Province (Stuart and 
Heatwole 2008). This is the second record from Laos 
as well as the first record from the northwest of the 
country in Oudomxai Province. Elsewhere, this species 
has been reported from India, China, Vietnam, Thailand, 
Myanmar, and Malaysia (Uetz et al. 2020). 


Hebius chapaensis (Bourret, 1934) 
Sapa Keelback (Fig. 8A) 


One adult individual of H. chapaensis was observed by 
P. Brakels and N. Maury on 27 April 2019 in Longcheng 
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District site 2, Xaisomboun Province (19°01.413’N, 
102°65.723’E; elevation 930 m asl). 

Morphological characters of the individual from 
Xaisomboun Province agreed well with the description 
of Ren et al. (2018). The photographed individual (Fig. 
8A) agrees with the diagnosis of H. chapaensis in the 
following characters: medium body size; cylindrical, 
rather elongated slender body; head distinct from neck: 
eye moderately large; pupil round; loreal present, not 
entering the orbit; 2 preoculars; 2 postoculars; | anterior 
temporal; 2 posterior temporals; 9 supralabials, 1‘ and 2™ 
in contact with the nasal, 3 and 4" in contact with the 
loreal, 5" and 6" entering orbit, 7" and 8" largest; all 17 
dorsal scale rows strongly keeled; ventrals 172; cloacal 
scale divided; subcaudals 103, divided. Coloration of 
dorsal surfaces glossy black with two lighter series of 
pale orange spots, which grade into a continuous lighter 
stripes along the length of the body and tail; dorsal head 
scales densely covered by irregular and vermiculate 
golden spots; chin, throat, infralabials cream; ventral 
surfaces glossy black with pale yellow longitudinal 
streaks, tending to become fainter posteriorly. 

Ecological notes. The individual was found at 2045 h 
on the rocks along the mountain stream. The surrounding 
habitat was mixed secondary submontane forest. 

Distribution. In Laos, this species has been previously 
recorded from Houaphanh and  Louangphabang 
provinces (Ren et al. 2018). This is the first record from 
Xaisomboun Province. Elsewhere, this species has been 
reported from China and northern Vietnam (Uetz et al. 
2020). 


Hebius leucomystax (David, Bain, Nguyen, Orlov, 
Vogel, Vu, and Ziegler, 2007) 
White-lipped Keelback (Fig. 8B) 


One individual of H. /eucomystax was observed by P. 
Brakels on 28 September 2019 in Paksong (1) District, 
Champasak Province (15°24.529°N, 106°38.148’E; 
elevation 880 m asl), and one other individual was found 
by S. Lorphengsy on 25 October 2017 in Thaphabath 
District, Bolikhamxai Province (18°27.557°N, 
103°83.543’E; elevation 330 m asl). 

Morphological characters of the individuals from 
Champasak and Bolikhamxai provinces agreed well 
with the descriptions of David et al. (2007) and Stuart 
and Heatwole (2008). The photographed individual 
(Fig. 8B) agrees with the diagnosis of H. leucomystax 
in the following characters: body rather elongate, 
slender; head distinct from neck; eye moderately large; 
pupil round; loreal present, not entering the orbit; 
1 preocular; 3 postoculars; 1 anterior temporals; 2 
posterior temporals; 9 supralabials, 1% and 2™ in contact 
with the nasal, 2"! and 3" in contact with the loreal, 4" 
and 6" entering orbit, 6" and 7" largest; dorsal scale 
rows strong all keeled; ventrals 158; cloacal divided; 
subcaudals 110, divided. Coloration of dorsal head scales 
dark gray with a weak light longitudinal line extends on 
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hind part of head; dorsal surface dark gray with dark 
spots and irregular bars, dorsolateral spots extend to tail; 
venter surface cream. 

Ecological notes. The individual from Paksong, 
Champasak Province, was found on the bank of a small 
stream, the surrounding habitat consist of extensive 
bamboo stalks. The individual from Bolikhamxai 
Province was found near the large stream, of which the 
surrounding habitats are secondary forest with bamboo 
and shrubs. 

Distribution. In Laos, this species has been recorded 
previously from Khammouan and Xekong provinces 
(Stuart and Heatwole 2008). This is the third record from 
the country as well as the first ones from Champasak and 
Bolikhamxai provinces. Elsewhere, this species has been 
reported from Vietnam, Cambodia, and Thailand (Uetz 
et al. 2020). 


Lycodon fasciatus (Anderson, 1879) 
Banded Wolf Snake (Fig. 8C) 


One adult individual of L. fasciatus was observed by P. 
Brakels and N. Maury on 27 April 2019 in Longcheng 
District site 2, Xaisomboun Province (18°58.645’N, 
102°39.213’E; elevation 950 m asl), and another 
individual was observed by P. Brakels on 13 October 
2019 in Thathom District, Xaisomboun Province 
(18°59.448’°N, 103°35.554’E; elevation 300 m asl). 
Morphological characters of the individual from 
Xaisomboun Province agreed well with the descriptions 
of Taylor (1965), Das (2010), and Vogel and David 
(2019). The photographed individual (Fig. 8C) agrees 
with the diagnosis of L. fasciatus in the following 
characters: medium body size, elongated; head 
moderately distinct from neck, markedly flattened; 
pupil vertically oval; loreal present, entering the orbit; 
1 preocular; 2 postoculars; 1 anterior temporals; 2 
posterior temporals; 8 supralabials, 1% and 2™ in contact 
with the nasal 2™ and 3" in contact with the loreal, 3"— 
5 entering orbit, 6" and 7" largest; dorsal scale rows 
weakly keeled; ventrals 214; cloacal scale undivided: 
subcaudals 76; divided. Coloration of dorsal surfaces 
dark brown with 24 creamish-yellow bands across the 
body and 12 across the tail, bands on the posterior part 
of the body and tail are much more strongly speckled 
with black than anterior bands; head with an indistinct 
whitish-yellow band with irregular borders; ventral 
surfaces cream with wide transverse black bands in the 
anterior part, bands becoming narrower posteriorly. 
Ecological notes. The first individual was found at ca. 
2050 h in the valley of a rocky stream. The surrounding 
habitat was mixed evergreen forest with Banana plants 
(Musa sp.) in the undergrowth. The second individual 
was also found along a stream in mixed evergreen forest 
in the vicinity of some limestone formations. 
Distribution. In Laos, this species has been previously 
recorded from Xiangkhouang and Champasak provinces 
(Teynié and David 2010; Vogel and David 2019). This is 
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the first record from Xaisomboun Province. Elsewhere, 
this species has been reported from India, China, 
Myanmar, Vietnam, and Thailand (Vogel and David 
2019). 


Lycodon futsingensis (Pope, 1928) 
Futsing Wolf Snake (Fig. 8D) 


One adult individual of L. futsingensis was observed 
by P. Brakels and N. Maury on 6 January 2019 in 
Vang Vieng District, Vientiane Province (18°97.408’N, 
102°41.690’E; elevation 370 m asl), and one individual 
was observed by N. Maury on 21 August 2019 in 
Xay District, Oudomxai Province (20°39.598’N, 
102°04.241’E; elevation 850 m asl). 

Morphological characters of the individuals from 
Vientiane and Oudomxai provinces agreed well with the 
descriptions of Vogel et al. (2009) and Luu et al. (2013). 
The photographed individual (Fig. 8D) agrees with the 
diagnosis of L. futsingensis in the following characters: 
medium body size, elongate habitus; head moderately 
distinct from neck, markedly flattened; pupil vertically 
oval; loreal present, not entering the orbit; 1 preocular; 2 
postoculars; 2 anterior temporals; 2 posterior temporals: 
8 supralabials, 1‘ and 2" in contact with the nasal 2™ and 
3" in contact with the loreal, 3-6" entering orbit, 7" and 
8" largest; dorsal scale rows entirely smooth; ventrals 
199; cloacal scale undivided; subcaudals 73, divided. 
Coloration of dorsum dark brownish-gray with 24 whitish 
rings across the body and nine across the tail; head with 
the remnants of a dark-gray ring; ventral surfaces cream, 
anterior part uniform, with dark speckling posteriorly, 
underside of tail dark. 

Ecological notes. The individual from Vientiane was 
found at ca. 2000 h on the rocks at the top of a waterfall, 
the specimen from Oudomxai was observed at ca. 2050 h 
along the road not far from the stream. The surrounding 
habitat was mixed secondary evergreen forest. 

Distribution. In Laos, this species has been previously 
recorded only from Khammouan Province (Luu et al. 
2013). This is the second record of L. futsingensis from 
Laos, as well as the first records from Vientiane and 
Oudomxai provinces. Elsewhere, this species has been 
reported from southern China and northern Vietnam 
(Luu et al. 2013). 


Ptyas multicincta (Roux, 1907) 
Many-banded Green Snake (Fig. 8E—F) 


One adult individual of the banded morph of P. 
multicincta was observed by P. Brakels and N. Maury 
on 6 January 2019 in Vang Vieng District, Vientiane 
Province, Laos (18°97.408’N, 102°41.690’E; elevation 
370 m asl); and one adult male (the bicolor morph) 
was observed by P. Brakels, P. Pawangkhanant, T.V. 
Nguyen, S. Idiiatullina, and N.A. Poyarkov on 13 July 
2019 in Ngommalath District, Khammouan Province 
(17°31.084’N, 105°13.746’E; elevation 200 m asl). 
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Morphological characters of the individuals from 
Vientiane and Khammouan provinces agreed well with 
the descriptions of Angel (1929), Smith (1943), and 
Hauser (2018). The photographed individuals (Fig. 
8E-F) agree with the diagnosis of P. multicincta in the 
following characters: body cylindrical, body medium- 
sized; head distinct from neck; eye large, pupil round; 
loreal present, not in contact with orbit; 1 preocular; 2 
postoculars; 1 anterior temporal; 2 posterior temporals; 
7 or 8 supralabials, 1**and 2" in contact with the nasal, 
2" and 3" in contact with the loreal, 4‘"-5" entering orbit, 
6" and 7" largest; dorsal scale rows entirely smooth; 
ventrals 174-185; cloacal scale divided; subcaudals 83— 
87, divided. Coloration of dorsal surface uniform green 
anteriorly, turning uniform gray posteriorly (Fig. 8E; 
bicolor morph); or green anteriorly, becoming light gray 
and grayish-brown posteriorly with numerous regularly 
spaced, narrow, back-edged cream or yellow crossbars 
(Fig. 8F; multicincta banded morph); ventral surfaces 
yellowish-green anteriorly, pale gray posteriorly. 

Ecological notes. The specimen in Vientiane Province 
was recorded at 1930 h on the tree, ca. 2 m above the 
ground along a rocky stream within close proximity of 
a waterfall; surrounding habitat was mixed secondary 
forest composed of small to medium hardwoods and 
shrubs. The subadult male in Khammouan Province was 
found at ca. 1900 h while it was moving on a limestone 
boulder near the ground; surrounding habitat was 
secondary evergreen forest on karst. 

Distribution. In Laos, this species has been 
previously recorded from Xiangkhouang, Khammouan, 
and Bolikhamxai provinces (Angel 1929; Deuve 
1970; Teynié et al. 2014). This is the first record of 
P. multicincta from Vientiane Province. Moreover, 
P. multicincta was also observed in Xiengngeun and 
Nane districts, Louangphabang Province (Teynié, pers. 
comm. ). Elsewhere, this species has been reported from 
China, Vietnam, and Thailand (Uetz et al. 2020). 

Remarks: Piyas multicincta is morphologically 
similar to Ptyas major (Gunther) but differs from the 
latter by olive-green dorsum turning grayish-brown 
posteriorly (vs. uniformly bright or grass green); dorsal 
scale rows entirely smooth (vs. 3—7 dorsal scale rows 
keeled); internasal distinctly narrowed anteriorly (vs. 
truncate anteriorly) [Angel 1929; Smith 1943; data 
above]. Two color morphs are known in this species: 
dorsum may be crossed by numerous narrow bichromatic 
bands (typical multicincta banded morph, see Fig. 8F) 
or lack such bands (bicolor morph, see Fig. 8E) [Angel 
1929; P. David, pers. comm. ]. 


Family Elapidae Boie 


Bungarus candidus (Linnaeus, 1758) 
Blue Krait (Fig. 9A) 


One adult individual of B. candidus was observed by N. 
Maury on 16 July 2017 in Keo Oudom District, Vientiane 
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Fig. 9. (A) Bungarus candidus in Khongxedone District, Salavan Province; (B) Subsessor bocourti in Champhone District, 
Savannakhet Province; (C) Pareas carinatus in Keo Oudom District, Vientiane Province; (D) P. hamptoni in Longcheng District, 
Xaisomboun Province. Photos by P. Brakels (A—C) and P. Pawangkhanant (D). 


Province (18°31.223’N, 18°31.223’N; elevation 260 m 
asl). One adult individual was found by N. Maury and P. 
Brakels on 26 October 2019 in Phou Xiang Thong NPA, 
Khongxedone District, Salavan Province (15°27.178’°N, 
105°44.202’N; elevation 320 m asl). 

Morphological characters of the individuals from 
Vientiane and Salavan provinces agreed well with the 
descriptions of Smith (1943), Nguyen et al. (2017), and 
Xie et al. (2018). The photographed individual (Fig. 9A) 
agrees with the diagnosis of B. candidus in the following 
characters: large body size, robust body habitus; head 
faintly distinct from neck; eye small, pupil round; 
loreal absent; 1 preocular; 2 postoculars; 1 anterior 
temporals; 2 posterior temporals; 7 supralabials, 1** and 
2™ in contact with the nasal 2™ and 3" in contact with the 
preocular, 34" entering orbit, 5" and 6" largest; dorsal 
scale rows entirely smooth; anterior vertebral scales 
notably enlarged; ventrals 226; cloacal scale undivided; 
subcaudals 54, undivided. Coloration of dorsum black 
with 20 broad white cross-bands on body in which five 
of them are yellowish and five on tail; ventral surface 
uniform white. 

Ecological notes. The individual from Vientiane 
Province was found at 1900 h crossing the road under 
light rain. The surrounding habitat was disturbed 
secondary dry mixed evergreen hill forest. The individual 
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from Salavan Province was found ca. 2100 h moving 
between the large boulders in the bed of a wide stream 
in the vicinity of a waterfall. The surrounding habitat 
was open riparian vegetation with bamboo thickets and 
mixed dry forest on the banks. 

Distribution. In Laos, this species has been previously 
recorded only from Champasak Province (Teynié and 
David 2010) and Khammouan Province (Stuart 1998; 
Luu 2017). These are the first records from north-western 
Laos (Vientiane Province) and Salavan Province. 
Moreover, this species is known to occur in Savannakhet 
Province as well, based on snake bite records from the 
provincial hospital (Vongphoumy et al. 2015, 2016). A 
recent record was reported in the local news of a Blue 
Krait that supposedly killed a woman in Xayphouthong 
District, Savannakhet Province, in October 2019. 
Elsewhere, this species has been reported from China, 
Vietnam, Cambodia, Thailand, Malaysia, Singapore, and 
Indonesia (Uetz et al. 2020). 


Family Homalopsidae Jan 


Subsessor bocourti (Jan, 1865) 
Bocourt’s Mud Snake (Fig. 9B) 


One adult individual of S. bocourti was observed by P. 
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Brakels on 19 March 2019 in Champhone District site 
1, Savannakhet Province (16°34.728’N, 105°24.882’E; 
elevation 136 masl), and another individual was observed 
by P. Phiapalath in May 2019 in Pathoumphone District, 
Champasak Province (14°41.023’N, 106°06.413’E; 
elevation 170 m asl). 

Morphological characters of the individuals from 
Savannakhet and Champasak provinces agreed well 
with the descriptions of Murphy and Voris (2014) and 
Chan-ard et al. (2015). The photographed individual 
(Fig. 9B) agrees with the diagnosis of S. bocourti in the 
following characters: massive body size, stout; head 
depressed, indistinct from neck: nasals in contact; no 
rostral appendages; dorsal scale rows keeled. Coloration 
of dorsal surfaces olive with an irregular series of narrow, 
transverse, yellowish bars, with each bar bordered by 
black; eye ruby red. 

Ecological notes. The first individual was observed 
in a lake during the daytime at ca. 1000 h while it was 
consuming a fish. The second individual was trapped by 
villagers from a shallow seasonal lake. 

Distribution. In Laos, this species has been previously 
recorded only from Vientiane Province (Deuve 1970). 
However, it is not mentioned in the recent snake species 
lists of Laos (see Teynié and David 2010; Murphy and 
Voris 2014; Uetz et al. 2020). This is the first confirmed 
record from Laos after the work of Deuve (1970), as well 
as the first record from southern part of the country in 
Savannakhet and Champasak provinces. Elsewhere, this 
species has been reported from Vietnam, Cambodia, 
Thailand, and Malaysia (Chan-ard et al. 2015). 


Family Pareidae Duméril 


Pareas carinatus (Boie, 1828) 
Keeled Slug Snake (Fig. 9C) 


One adult P. carinatus was observed by P. Brakels and 
N. Maury on 9 November 2018 in Keo Oudom District, 
Vientiane Province (18°34.985°N, 102°23.532’E; 
elevation 190 m asl) and four other individuals were 
observed by N. Maury in the same area during earlier 
visits in 2016 and 2017. 

Morphological characters of the individuals from 
Vientiane Province agreed well with the descriptions 
of Smith (1943), Mathew and Meetei (2004), and Guo 
et al. (2009). The photographed individual (Fig. 9C) 
agrees with the diagnosis of P. carinatus in the following 
characters: slender, laterally compressed body; head 
elongated, distinct from neck; eye large; pupil vertical; 
loreal present, not entering the orbit; 1 preocular; 2 
postoculars; 2 crescent-like suboculars; 3 anterior 
temporals; 4 posterior temporals; 7 supralabials, 1%‘ and 
2™ contact with the nasal 2 in contact with the loreal, 2"— 
5" supralabials in contact with suboculars, not contacting 
the eye, 6" largest; prefrontals not in contact with eye; 
mental groove absent; dorsal scale rows slightly keeled; 
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anterior vertebral scales slightly enlarged; ventrals 174; 
cloacal undivided; subcaudals 80, divided. Coloration of 
dorsal olive-brown with indistinct, diffuse dark crossbars; 
head with thin, dark subocular streaks and indistinct 
black postocular lines fusing on nape; ventral surfaces 
pale yellow with irregular small black spots, becoming 
denser towards the tail; iris orange. 

Ecological notes. The individuals were found at 2300 
h in the vegetation above a small pond in the garden of 
a resort. The resort is situated along the Nam Lik River, 
with riparian vegetation and secondary open disturbed 
forest along the banks. 

Distribution. In Laos, this species has been previously 
reported from Phongsali, Oudomxai, Bolikhamxai, and 
Champasak provinces (Teynié and David 2010). This 
is the first record from Vientiane Province. Elsewhere, 
this species has been reported from southern China, 
Myanmar, Vietnam, Cambodia, Thailand, Malaysia, and 
Indonesia (Uetz et al. 2020). 


Pareas hamptoni (Boulenger, 1905) 
Hampton’s Slug Snake (Fig. 9D) 


Three adult individuals of P. hamptoni were observed by 
P. Brakels and N. Maury on 28 December 2018, in Bortaen 
District site 1, Xaignabouli Province (17°43.118’°N, 
101°06.670’E; elevation 1,400 m asl) and by P. Brakels, 
P. Pawangkhanant, S. Iduatullina, and T.V. Nguyen on 
17 July 2019 in Longcheng District site 1, Xaisomboun 
Province (19°00.983’N, 102°59.645’E; elevation 1,370 
m asl). 

Morphological characters of the individuals from 
Xaignabouli and Xaisomboun provinces agreed well 
with the descriptions of Smith (1943), Guo et al. (2009), 
Vogel (2009), and Wang et al. (2019). The photographed 
individual (Fig. 9D) agrees with the diagnosis of P. 
hamptoni in the following characters: body small-sized, 
slender, compressed laterally; head elongate, distinct 
from neck; eye moderately large; pupil vertical; loreal 
present; 1 preocular; 1 postocular; 1 crescent-like 
subocular; | anterior temporal; 2 posterior temporals; 7 
supralabials, 1‘* and 2™ in contact with the nasal, 2" in 
contact with loreal, 2°-5" supralabials in contact with 
suboculars, not contacting the eye, 7" largest; prefrontals 
in contact with eye; mental groove absent; dorsal scale 
rows smooth; anterior vertebral scales slightly enlarged; 
ventrals 188; cloacal undivided; subcaudals 78, divided. 
Coloration of dorsum brown with blackish-brown bars or 
spots on the flanks, head with a thick black line extending 
from above the eye to the nape; ventral surface orange 
with some small black spots; iris orange. 

Ecological notes. The individuals from Bortaen 
District were observed at ca. 2100 h at a height of ca. 
3—5 m in a tree, while the individuals from Longcheng 
District were found at ca. 2000-2100 h on the rocks and 
in the trees along a stream. The surrounding habitat at 
both sites was montane mixed secondary evergreen 
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Fig. 10. (A) Pareas macularius in Longcheng District, Xaisomboun Province; (B) P. margaritophorus in Khounkham District, 


Khammouan Province; (C) adult male and (D) adult female of 7rimeresurus gumprechti in Bortaen District, Xaignabouli Province; 
(E) adult male and (F) adult female of 7’ popeiorum in Xay District, Oudomxai Province. Photos by P. Brakels (A, C—F) and N. 


Maury (B). 


forest of small hardwoods, shrubs, and arrowroot. 

Distribution. In Laos, this species has been previously 
recorded only from Houaphan and Champasak provinces 
(Teynié and David 2010; Teynié et al. 2014). This is 
the third record from the country as well as the first 
from northwestern Laos and from Xaisomboun and 
Xaignabouli provinces. Elsewhere, this species has been 
reported from China, Myanmar, Vietnam, Cambodia, and 
Thailand (Uetz et al. 2020). 

Remarks. A number of recent molecular phylogenetic 
studies demonstrated that populations of P hamptoni 
from Vietnam and southeastern China are more closely 
related to P. formosensis (Van Denburgh), than to typical 
P. hamptoni from the western part of Yunnan Province 
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of China and, supposedly, Myanmar (You et al. 2015; 
Li et al. 2020). Li et al. (2020) refer the Indochinese 
populations of this species as P. formosensis, however 
populations from Laos were not included in the molecular 
phylogenetic analysis so their taxonomic status requires 
further study. 


Pareas macularius Theobald, 1868 
Spotted Slug Snake (Fig. 10A) 


One adult individual of P. macularius was observed by 
P. Brakels, P. Pawangkhanant, S. Idilatullina, and T.V. 
Nguyen on 17 July 2019 in Longcheng District site 1, 
Xaisomboun Province (19°00.983’N, 102°59.645’E; 
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elevation 1,370 m asl). Two subadults were observed 
by N. Maury and P. Brakels on 24-25 October 2019 
in Paksong (2) District, Champasak Province (near 
15°11.178’N, 106°15.716’E; elevation 1,350 m asl). 

Morphological characters of the individuals from 
Xaisomboun and Champasak provinces agreed well with 
the descriptions of Teynié and David (2010) and Hauser 
(2017). The photographed individual (Fig. 10A) agrees 
with the diagnosis of P macularius in the following 
characters: body small-sized, slender, laterally compressed; 
head elongate, distinct from neck; eye size medium; pupil 
vertical; loreal present, not entering the orbit; 1 preocular; 
1 postoculars; 1 crescent—like subocular; 1 anterior 
temporal; 2 posterior temporals; 7 supralabials, 1% and 
2" in contact with nasal, 2" in contact with loreal, 3-5" 
supralabials in contact with suboculars, not contacting the 
eye, 7" largest; prefrontals in contact with eye; mental 
groove absent; upper dorsal scale rows slightly keeled; 
anterior vertebral scales slightly enlarged; ventrals 156; 
cloacal undivided; subcaudals 44, divided. Coloration of 
dorsum dark grayish-brown with irregular black or white 
spots localized always on single scales; nuchal region with 
and grayish-white “W-shaped” marking sparsely speckled 
with brown; ventral surfaces cream with dense speckling 
and few larger blotches; iris dark. 

Ecological notes. The individual at Xaisomboun 
Province was found at 2300 h crossing the mountain dirt 
road. The surrounding habitat was secondary montane 
evergreen forest. The first individual from Champasak 
Province was found on a path in a coffee plantation at 
ca. 1830 h and the second individual was found in a 
patch of secondary mixed evergreen forest along a coffee 
plantation at ca. 1900 h. 

Distribution. In Laos, this species has been 
previously recorded from Phongsali and Houaphan 
provinces (Hauser 2017). These are the first records from 
Xaisomboun and Champasak provinces. Elsewhere, 
this species has been reported from China, Myanmar, 
Vietnam, and Thailand (Uetz et al. 2020). 


Pareas margaritophorus (Jan, 1866) 
Mountain Slug Snake (Fig. 10B) 


One adult individual of P. margaritophorus was observed 
by N. Maury on 26 November 2018 near Konglor Cave 
in Khounkham District site 2, Khammouan Province 
(17°53.945’°N, 104°49.485’E; elevation 185 m asl). 
Morphological characters of the individual from 
Khammouan Province agreed well with the descriptions 
of Teynié and David (2010) and Hauser (2017). The 
photographed individual (Fig. 10B) agrees with the 
diagnosis of P. margaritophorus in the following 
characters: body small-sized, slender, laterally 
compressed; head elongate, distinct from neck; eye 
medium-sized; pupil vertical; loreal present, not entering 
the orbit; 1 preocular; subocular and postocular fused 
into one crescent-shaped scale; 2 anterior temporals; 3 
posterior temporals; 7 supralabials, 1‘t and 2" in contact 
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with nasal, 2™ in contact with loreal, 3-5" supralabials 
in contact with suboculars, not contacting the eye, 7" 
largest; prefrontals in contact with eye; mental groove 
absent; dorsal scale rows entirely smooth; anterior 
vertebral scales slightly enlarged; ventrals 158; cloacal 
undivided; subcaudals 41, divided. Coloration of dorsum 
gray with irregular black or white spots; nuchal region 
with large pinkish spots; ventral surfaces cream with 
Sparse speckling; iris dark. 

Ecological notes. The individual was found at 2230 
h on a limestone boulder under a dense bush. The 
surrounding habitat consisted of secondary dry mixed 
deciduous forest on karst. 

Distribution. In Laos, this species has been previously 
recorded from Louangprabang, Vientian, Houaphan, 
Champasak, and Xekong provinces (Hauser 2017). 
This is the first documented record from Khammouan 
Province. Elsewhere, this species has been reported 
from China, Myanmar, Vietnam, Cambodia, Thailand, 
Malaysia, and Singapore (Uetz et al. 2020). 


Family Viperidae Oppel 


Trimeresurus gumprechti David, Vogel, Pauwels, and 
Vidal 2002 
Gumprecht’s Pitviper (Figs. 10C—D, 11A) 


Two adult males and one female of 7? gumprechti were 
observed by P. Brakels and N. Maury on 28 December 
2018 in Bortaen District site 1, Xaignabouli Province 
(17°43.118’°N, 101°06.670’E; elevation 1,400 m asl). 
Morphological characters of the individuals from 
Xaignabouli Province agreed well with the descriptions 
of David et al. (2002) and Nguyen et al. (2018). The 
photographed individuals (Fig. 1OC—D) agree with the 
diagnosis of 7) gumprechti in the following characters: 
slender, slightly laterally compressed body; head 
triangular, clearly distinct from the neck; eye in size: 
pupil vertical; internasals separated from each other by 
a scale; loreal pit present; two small scales between the 
nasal and the shield bordering the anterior region of the 
loreal pit; 3 preoculars; 1 crescent-shaped subocular; 2 
postoculars; temporals small; 11-12 supralabials, the 
1s' separated from the nasal, 3 large, in contact with 
subocular, 4" and 5" separated from subocular by a small 
scale; dorsal scale rows strongly keeled but smooth on 
the outermost row; ventrals 161 in males, 163 in female; 
cloacal plate undivided; subcaudals 64 in male (see 
Fig. 11A), 57 in female, divided. Coloration of dorsum 
deep green with bicolored (dorsally white, ventrally 
red) ventrolateral stripe present in males; in female 
only thin white ventrolateral stripe; head laterally with 
a white postocular streak, ventrally edged with red in 
males, absent in female; tail green with dorsal part of 
the posterior half rusty red; ventral surfaces bright green; 
eyes deep red in males, deep yellow in female. 
Ecological notes. The individuals were recorded at 
2100-2300 h in a tree along a small narrow stream at 2—5 
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Fig. 11. Ventral views of two Trimeresurus species from 
Laos, showing scalation and tail base; numbers correspond to 
subcaudal scale count. (A) Adult male of 7) gumprechti from 
Bortaen District, Xaignabouli Province; (B) adult male of 7: 
popeiorum in Xay District, Oudomxai Province. Photos by N. 
Maury. 


m above the ground. The surrounding habitat was mixed 
secondary montane forest. 

Distribution. In Laos, this species has been previously 
recorded only from Khammouan Province (Malhotra and 
Thorpe 2004). This is the second record of this species 
for Laos, as well as the first record from Xaignabouli 
Province. Elsewhere, this species has been reported from 
India, China, Myanmar, Vietnam, and Thailand (Uetz et 
al. 2020). 


Trimeresurus popeiorum Smith, 1937 
Pope’s Pitviper (Figs. 10E—F, 11B) 


Multiple individuals of 7) popeiorum were observed 
by P. Brakels and N. Maury from 21—25 August 2019 
in Xay District, Oudomxai Province (20°39.598’N, 
102°04.241’E; elevation 850 m asl). 

Morphological characters of the individuals from 
Oudomxai Province agreed well with the descriptions of 
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Vogel et al. (2004), Guo et al. (2015), and Mulcahy et 
al. (2017). The photographed individuals (Fig. 1OE—F) 
agree with the diagnosis of 7? popeiorum in the following 
characters: base of tail not especially enlarged in males 
(see Fig. 11B); body slender, laterally compressed; head 
triangular, clearly distinct from the neck; eye medium; 
pupil vertical; internasals separated from each other by 
a scale; loreal pit present; two small scales between the 
nasal and the shield bordering the anterior region of the 
loreal pit; 3 preoculars; 1 crescent-shaped subocular; 2 
postoculars; temporals small; 10-11 supralabials, the 
1** separated from the nasal, 3% large, in contact with 
subocular, 4" and 5" separated from subocular by a small 
scale; dorsal scale rows strongly keeled but smooth on 
the outermost row; ventrals 166 in a single male, 159- 
162 in females; cloacal undivided; subcaudals 78 in a 
single male, 55—58 in females, all divided. Coloration of 
dorsal surfaces deep green with bicolored (with dorsally 
white, ventrally red) ventrolateral stripe present in male, 
in females thin ventrolateral stripe, anteriorly yellowish, 
posterior whitish; lateral surfaces of head with a white 
postocular streak ventrally edged with red in male, absent 
in female; tail greenish with the posterior half dorsally 
rusty red; ventrally green; eyes red to deep red both in 
male and females. 

Ecological notes. The individuals from Oudomxai 
Province were found at 1900-2300 h perching just at 
0.54 m above the ground along a road in a forested 
valley. The surrounding habitat was mixed secondary 
submontane forest. 

Distribution. In Laos, this species has been previously 
recorded only from  Phongsali, Louangphabang, 
Xaignabouli, and Vientiane provinces (Vogel et al. 
2004; Sanders et al. 2006). This is the first record from 
Oudomxai Province. Elsewhere, this species has been 
reported from India, Nepal, China, Myanmar, and 
Thailand (Uetz et al. 2020). 

Remarks. Trimeresurus popeiorum is can be confused 
with 7) gumprechti, but differs from it by the shape of 
its hemipenes (long, without spines vs. short, strongly 
spinose), a generally longer tail, a generally higher 
number of subcaudals in males: 59-78 (avg. 68.1) vs. 
55—71 (avg. 64.7); and eye color (deep red in both sexes in 
adult specimens vs. deep red in males, yellow in females) 
(David et al. 2002; Vogel et al. 2004; Guo et al. 2015). 


Reptilia: Testudines 
Family Platysternidae Gray 


Platysternon megacephalum Gray, 1831 
Big-headed Turtle (Fig. 12A) 


One subadult individual of P. megacephalum was 
observed by P. Brakels and P. Pawangkhanant on 16 
July 2019 in Mork District, Xiangkhouang Province 
(elevation 2,000 m asl). 
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Fig. 12. (A) Platysternon megacephalum in Mork District, Xiangkhouang Province; (B) Cuora mouhotii in Xayaburi District, 
Xaignabuli Province; (C) Heosemys annandalii in Champhone District, Savannakhet Province; (D) Siebenrockiella crassicollis 
in Pathoumphone District, Champasak Province; (E) /ndotestudo elongata in Pathoumphone District, Champasak Province; (F) 
Manouria impressa in Xaychamphone District, Bolikhamsai Province. Photos by P. Pawangkhanant (A), P. Sysouphanthong (B), 
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P. Brakels (C—D, F), and WCS Laos (F). 


Morphological characters of the individual from 
Xiangkhouang Province agreed well with the descriptions 
of Hendrie et al. (2011) and Chan-ard et al. (2015). The 
photographed individual (Fig. 12A) agrees with the 
diagnosis of P. megacephalum in the following characters: 
head covered dorsally and laterally with a continuous 
horny shield, very large, triangular, cannot be withdrawn 
into the carapace; jaws well-developed, covered with 
horny plates forming a beak; tail as long as the body. Head 
and carapace olive with irregular black spots; plastron and 
bridge yellowish with small black spots. 

Ecological notes. The turtle was recorded at 2000 h 
at a large rocky stream at 2,000 m asl, and subsequently 
released in the same location. 
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Distribution. In Laos, this species has been previously 
recorded from MHouaphan, Vientiane, Bolikhamxai, 
Khammouan, and Xekong provinces (Teynié and David 
2010). This is the first record of this species from 
Xiangkhouang Province. Elsewhere, this species has been 
reported from China, Myanmar, Vietnam, Cambodia, and 
Thailand (Rhodin et al. 2017). 


Family Geoemydidae Theobald 


Cuora mouhotii (Gray, 1862) 
Keeled Box Turtle (Fig. 12B) 


One adult individual of C. mouhotii was observed by 
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P. Sysouphanthong on 28 June 2016 near Keo Village, 
Xayabury District, Xaignabouli Province (elevation 
1,000 m asl). 

Morphological characters of the individual from 
Xaignabouli Province agreed well with the descriptions 
of Hendrie et al. (2011) and Das et al. (2016). The 
photographed individual (Fig. 12B) agrees with the 
diagnosis of C. mouhotii in the following characters: 
head small and smooth; carapace high, rather narrow, 
with a clear midline dorsal keel running the length of the 
vertebral scutes; carapace considerably flattened laterally 
into the costal scutes on both sides where secondary 
keels present; posterior marginals markedly serrated 
and scalloped anteriorly; plastron relatively large, with 
a well-formed hinge between the hyo- and hypoplastra 
and with a distinct anal notch; tail rather long; carapace 
uniformly dark brown; head light brown; plastron and 
bridge dark brown with light brown markings around the 
outer edge; eye red. 

Ecological notes. The individual was found at 1730 
h on the forest floor in old growth primary dry mixed 
evergreen forest. 

Distribution. In Laos, this species has been previously 
recorded from Vientiane, Bolikhamxai, Khammouan, 
and Champasak provinces (Rhodin et al. 2017). This 1s 
the first record from Xaignabouli Province. Elsewhere, 
this species has been reported from India, Bangladesh, 
Bhutan, China, Myanmar, and Vietnam (Rhodin et al. 
2017). 


Heosemys annandalii (Boulenger, 1903) 
Yellow-headed Temple Turtle (Fig. 12C) 


Eight individuals of H. annandalii were observed by 
P. Brakels on 1 July 2019 in Champhone District site 
2, Savannakhet Province (elevation 150 m asl), and in 
August 2018 and March 2019 in captivity in villages in 
Pathoumphone District, Champasak Province (all turtles 
were captured in and around the Beung Kiat Ngong 
Ramsar site wetland). 

Morphological characters of the individuals from 
Savannakhet and Champasak provinces agreed well with 
the descriptions of Hendrie et al. (2011), Chan-ard et al. 
(2015), and Vasillieva et al. (2016). The photographed 
individual (Fig. 12C) agrees with the diagnosis of H. 
annandalii in the following characters: large size; head 
small and smooth, with enlarged scales on forehead and 
pointed snout; upper beak sharply dentate; carapace 
elongate, flattened above, without vertebral keel, serrated 
posteriorly; plastron with distinct anal notch. Surface 
carapace uniformly dark black; head gray with yellow 
speckling; surface plastron and bridge are yellow with 
large black blotches on each scute. 

Ecological notes. Six individuals were found in the 
shallow muddy part of an oxbow scavenging for fallen 
fruits. Two large individuals, carapace length >50 cm, 
were observed crossing the trail in the forest near the 
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oxbow. The surrounding habitat consisted of riparian and 
deciduous forest along the river. 

Distribution. In Laos, this species has been recorded 
from Vientiane, Khammouan, and Attapu provinces 
(Rhodin et al. 2017). These are the first records from 
Savannakhet and Champasak provinces. Elsewhere, this 
species has been reported from Vietnam, Cambodia, 
Thailand, and Malaysia (Rhodin et al. 2017). 


Siebenrockiella crassicollis (Gray, 1831) 
Black Marsh Turtle (Fig. 12D) 


One juvenile individual of S. crassicollis was observed 
by P. Brakels in August 2018 in Phapho Village, 
Pathoumphone District, Champasak. 

Morphological characters of the individual from 
Champasak Province agreed well with the descriptions 
of Hendrie et al. (2011) and Chan-ard et al. (2015). The 
photographed individual (Fig. 12D) agrees with the 
diagnosis of S. crassicollis in the following characters: 
almost totally black coloration; head black to dark gray 
with a faded, cream spot behind each eye; carapace oval, 
depressed and strongly serrated posteriorly; plastron and 
bridge black, with some brownish streaks. 

Ecological notes. The specimen was collected by 
local people in a rice paddy in the vicinity of Phapho 
Village. 

Distribution. In Laos, this species has been previously 
recorded only from Champasak Province, based on 
interview data and from specimens sold at a local market 
in Lomsaktay Village, Batiengchaleunsouk District 
(Baird 1993; Suzuki et al. 2015). This record represents 
an additional confirmation of S. crassicollis from Laos. 
In addition, we observed several S. crassicollis in the 
wildlife markets in Vientiane during 2016-2019, all 
originating from Laos but the precise locations are not 
known. Elsewhere, this species has been reported from 
Myanmar, Vietnam, Cambodia, Thailand, Malaysia, 
Indonesia, and Singapore (Rhodin et al. 2017). 


Family Testudinidae Gray 


Indotestudo elongata (Blyth, 1854) 
Elongated Tortoise (Fig. 12E) 


Several individuals of 7. elongata were observed by P. 
Brakels in August 2018 and March 2019 in captivity 
in villages in Pathoumphone District, Champasak 
Province. All tortoises were said to be captured in 
nearby forest areas, including the territory of Xe Pian 
NPA. Furthermore, one individual was observed by K. 
Inkhavilay in May 2018 in Phin District, Savannakhet 
Province; other records include reports from villagers in 
Xonnabouly District who recently collected this species 
from nearby open woodlands and dry dipterocarp forests 
(photo record only). 

Morphological characters of the individuals from 
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Savannakhet and Champasak provinces agreed well with 
the descriptions of Hendrie et al. (2011) and Chan-ard 
et al. (2015). The photographed individuals (Fig. 12E) 
agree with the diagnosis of /. elongata in the following 
characters: head elongate, with sharply truncated snout, 
large scutes located over tympanum; carapace high, 
domed, flattened dorsally with moderately serrated 
posterior marginal scutes; plastron elongated with a 
posterior notch. Carapace yellowish-brown, with black 
blotches on the vertebrals and pleurals; plastron and 
bridge yellowish, unmarked. 

Distribution. In Laos, this species has been recorded 
from Vientiane, Khammouan, Saravan, and Attapu 
provinces (Stuart and Patt 2004; Teynié and David 
2010). These are the first records from Savannakhet and 
Champasak provinces. Elsewhere, this species has been 
reported from India, Bangladesh, Bhutan, Nepal, China, 
Myanmar, Vietnam, Cambodia, Thailand, and Malaysia 
(Rhodin et al. 2017). 


Manouria impressa (Ginther, 1882) 
Impressed Tortoise (Fig. 12F) 


One individual of M. impressa was observed by D. 
Lety (WCS Laos) on 1 July 2018 in Phou Si Thone 
Endangered Species Conservation Area, Xaychamphone 
District, Bolikhamxai Province. 

Morphological characters of the individual from 
Bolikhamxai Province agreed well with the descriptions 
of Hendrie et al. (2011), Calame et al. (2013), and Chan- 
ard et al. (2015). The photographed individual (Fig. 12F) 
agrees with the diagnosis of M. impressa in the following 
characters: carapace oval, flattened dorsally, strongly 
serrated; posterior marginals upturned, well-defined 
growth annuli present on the vertebrals and marginals; 
head large, upper jaw without hook, snout non-projecting: 
plastron large with a deep cloacal notch; carapace brown 
with dark seams, marginals with large black blotches; 
plastron yellowish-brown with dark seams. 

Ecological notes. The tortoise was found on a 
mountain ridge in semi-evergreen forest with extensive 
bamboo in the undergrowth. 

Distribution. In Laos, this species has been recorded 
from Attapu, Khammouan, Xekong, Houaphan, 
Phongsali, and Salavan provinces (Calame et al. 2013). 
This is the first record from Bolikhamxai Province. 
Several individuals have been offered for a sale at a 
local market in Ban Xong Cha, Nam Bak District, 
Louangphabang Province; and all these tortoises were 
said to be locally sourced. As this species is often found 
for sale on the main market in Louangphabang City as 
well, they are all expected to be locally sourced turtles 
from Louangphabang Province or nearby provinces. 
Furthermore, tortoises of this species are offered for 
sale in a local market in Vang Vieng District, Vientiane 
Province, where, again all are said to be collected from 
the nearby mountain ranges. Elsewhere, the species has 
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been reported from India, China, Myanmar, Vietnam, 
Cambodia, Thailand, and Malaysia (Uetz et al. 2020). 


Discussion 


The inventory of the herpetofauna of Laos 1s still far 
from complete. Although several recent surveys have 
significantly increased the number of amphibian and 
reptile species already recorded for the country (Teynié et 
al. 2004, 2014, 2017; Teynié and David 2010, 2014; Luu 
et al. 2013; Egert et al. 2017), the recent findings reported 
here bring the total numbers of amphibians and reptiles 
recorded from Laos to 118 and 191 species, respectively. 
Most of the new species described or recorded for Laos 
here have all been found in karstic formations in the 
central or northern parts of the country, especially in 
Khammouan Province of the Annamite Mountains range 
(e.g., Luu et al. 2013; Egert et al. 2017). This study 
demonstrates that yet unknown herpetofaunal diversity 
exists also in the non-karstic areas of central, southern, 
and northern Laos, in particular in Xiangkhouang, 
Xaisomboun, Champasak, and Oudomxai provinces. 

Here based on photo records, the presence of 
three amphibian species (Quasipaa_ verrucospinosa, 
Gracixalus quangi, and Theloderma lateriticum) are 
reported for the herpetofauna of Laos for the first time. 
Photo records confirming the occurrence of one amphibian 
(Glyphoglossus molossus) and two reptile species 
(Subsessor bocourti and Siebenrockiella crassicollis) in 
the country are also provided. This study also significantly 
expands known distributions of nine amphibian 
(Nanorana  aenea, Ophryophryne — pachyproctus, 
Xenophrys palpebralespinosa, Glyphoglossus guttulatus, 
Rana johnsi, Sylvirana cubitalis, Gracixalus quyeti, 
Theloderma gordoni, T. petilum, and Zhangixalus feae) 
and five reptile species (Gonyosoma prasinum, Hebius 
leucomytax, Lycodon futsingensis, Pareas hamptoni, and 
Trimeresurus gumprechti), these taxa are here reported 
for Laos for the second time. 

These new records are based on a series of 
short field trips and demonstrate that the list 
of herpetofauna for Laos is still far from being 
complete. This study provides further evidence 
that photo records represent an important tool 
for assessing and monitoring vertebrate diversity 
(Pimm et al. 2015). The taxonomic status of several 
species recorded here requires further studies 
using morphological and molecular methods (e.g., 
Ophryophryne pachyproctus, Sylvirana cf. cubitalis, 
Pareas hamptoni, P. carinatus, and Dendrelaphis 
cf. cyanochloris). We hope that our results will spur 
additional interest in documenting the distribution and 
conservation of the reptile and amphibian diversity in 
Laos. Further field survey efforts throughout Laos are 
essential for better understanding of herpetofaunal 
diversity in Laos and the elaboration of necessary 
conservation measures. 
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Abstract.—Sumatra is an island that contains rich wildlife biodiversity and a variety of ecosystems, and is 
categorized as one of the most threatened terrestrial ecoregions on earth. One of Sumatra’s ecosystems is 
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Introduction Sumatra’s forest ecosystem has been continuously 


threatened by habitat loss and deforestation. Riau Prov- 


Sumatra is the sixth largest island on earth, and it con- 
tains rich wildlife biodiversity and is home for several 
charismatic species. The island houses various ecosys- 
tems and is categorized as one of the most threatened ter- 
restrial ecoregions on earth (Olson and Dinerstein 2002; 
Mittermeier et al. 2004). Zamrud National Park (ZNP), 
located in Riau Province, is the newest national park in 
Indonesia and was established on 22 July 2016. ZNP is 
dominated by primary peat swamps and peatland forest 
ecosystem, which cover areas spanning 31,480 ha, and 
includes two major lakes, Pulau Besar Lake and Bawah 
Lake. 
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ince, in particular, is the top province in Sumatra and 
Indonesia for major deforestation problems, due to land 
conversion into palm oil plantations, forest fires, and il- 
legal logging (FWI 2014). 

Peat swamp forest is an unusual ecosystem that dif- 
fers dramatically from the other ecosystems of the world. 
It has extreme conditions of low pH, low nutrients, and 
an unstable and spongy substrate of peat that can be 20 
m deep or more. The peat swamp forest in Sumatra can 
support diverse flora and fauna, including many endemic 
and endangered species. Disturbances in peat swamp for- 
ests may increase the impact of climate change on the 
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Fig. 1. Peat swamp forest in Zamrud National Park. 


biodiversity (Yule 2010; Posa et al. 2011). 

Only limited biodiversity information is available for 
the peat swamp forests in the Indo-Malayan region, in- 
cluding ZNP, particularly on the amphibians and reptiles 
(Yule 2010). Environmental changes and climate change 
have become the biggest threats to biodiversity around 
the world. These changes can increase global tempera- 
tures, causing abnormal and extreme rainfall cycles, and 
will affect the metabolism of herpetofauna as they are 
ectothermic species. The increased temperatures, re- 
duced precipitation and habitat loss could drive herpe- 
tofauna populations and species into extinction (Hansen 
et al. 2001; Bickford et al. 2010). Therefore, the reptiles 
and amphibians is the finest of the key bio-indicators for 
measuring the impact of climate change, because their 
current distributions and ecological niches closely reflect 
rainfall and temperature patterns (Bickford et al. 2010). 
This work documents the herpetofauna diversity and 
community in ZNP. 


Material and Methods 
Field Surveys 


Zamrud National Park (previously named Pulau Be- 
sar Lake/Bawah Lake Wildlife Reserve) is part of the 
Kampar Peninsula and one of the important conserva- 
tion areas in Riau Province. Dominated by peatland and 
peat swamp ecosystems (e.g., Fig. 1), ZNP and Kam- 
par Peninsula are the habitats occupied by Sumatra’s 
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widely-known endemic and charismatic species, such as 
Sumatran Tiger, Asian Arowana, hornbills, and certain 
herpetofauna. ZNP once spanned 28,237.95 ha, but was 
expanded to 31,480 ha in area after being designated as 
a national park in 2016. Currently, ZNP is surrounded 
by palm oil and industrial plantations and is threatened 
by petroleum mining which occurs inside the national 
park area. Spatial management and a precise conserva- 
tion action plan are likely needed to protect the biodi- 
versity within the national park area (WWF 2006; BLH 
Riau 2011). 

A purposive sampling method was used to select the 
transects, by considering habitat conditions which rep- 
resent the different environmental conditions found in 
ZNP. The survey sites were divided into seven transects, 
i.e., Bron 2 (B2), Shrubs Area (SA) across to Siak Resort 
(our basecamp), Besar Island (BI), Idris Well (TW), Seyuk 
Kanan Bawah Lake (SKaBL), Sejuk Kiri Bawah Lake 
(SKiBL), and Sejuk Atas Pulau Besar Lake (SAPBL) 
(Fig. 2). This survey was conducted for 15 days of field- 
work from 28 December 2017 to 18 January 2018. 


Methods 


The herpetofauna survey used standard Visual Encounter 
Survey methods, and the materials included headlamp, 
snake hook, grab stick, global positioning system (GPS) 
device, thermometer, hygrometer, sample pouch, mea- 
suring tape (50 m), pH meter, plastic pouch, notebook, 
digital camera, and watch. Specimen preservation ma- 
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Fig. 2. Locations of the survey sites in Zamrud National Park. 


terials consisted of formaldehyde (10%), ethanol (70% 
and 96%), ether, and other standard equipment. Follow- 
ing Heyer et al. (1994) and McDiarmid et al. (2012), the 
visual encounter survey was used to evaluate species 
richness, to compile the species list, and to calculate 
relative abundance, and it can be combined with other 
methods. The visual encounter survey method assessed 
500 m length transects, so that species density could be 
measured within each sampling area. In each area, 1-3 
transects were used, considering the habitat conditions 
and the availability of water sources (streams, swamps, 
or ponds). Only one transect was used in SA consider- 
ing that it is an open area and lacks a water source, and 
2-3 transects were used in other areas. The survey was 
conducted during 0700-0900 h and 1800-2100 h during 
each day. Passive methods were also used, such as the 
glue traps to catch fast and agile individuals like skinks, 
and to obtain more efficient estimations and reduce bias 
in the calculations. In addition, habitat and environmen- 
tal parameters were collected for each transect, 1.e., envi- 
ronmental temperature, pH, and humidity. 


Specimen Collection and Identification 

Following the guidelines from Pisani (1973) and Dodd 
(2016), specimens were collected as needed. The pres- 
ervation process was conducted by following precise 


ethical standards and procedures. First, the specimen 
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was euthanized by ether, then dissected to obtain muscle 
or liver tissue samples. The samples were injected with 
formaldehyde (10%) and then posed precisely so that all 
morphological characters could be shown properly. The 
specimen was then labeled, drenched with formaldehyde 
(10%) and allowed to set for 2—3 days to allow the shape 
to properly form. All formed specimens were then pre- 
served in 70% ethanol. All collected specimens (see Ap- 
pendix) were then deposited at the Museum Zoologicum 
Bogoriense (MZB) LIPI. The identification process was 
carried out by comparing the characters of all collected 
specimens and photos with the key references following 
Kamsi et al. (2017), Das (2010), Frost (2020), and Uetz 
and Hallermann (2020). 


Data Analysis 


All of the statistical data were analyzed using Paleonto- 
logical Statistics (PAST) version 2.17c (Hammer et al. 
2001). Principal Component Analysis (PCA) was used 
to analyze the species composition according to habitat 
preferences. 


Results 

During the survey in ZNP, 33 herpetofauna species were 
identified, which comprised 12 amphibian and 21 reptile 
species (see photos of eight of the species in Fig. 3). The 
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Fig. 3. Eight of the 33 species found in this survey. (A) Limnonectes malesianus; (B) Leptobrachium nigrops, (C) Chalcorana par- 
vaccola; (D) Pulchrana rawa; (E) Gonocephalus liogaster, (F) Cyrtodactylus majulah; (G) Cuora amboinensis; (H) Tropidolaemus 
wagleri. 
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Fig. 4. Species accumulation curve illustrates the accumulation 
of the encountered species during the 15 days of field sampling. 


33 species were found during the course of 15 days of 
fieldwork (Fig. 4). Cyrtodactylus majulah was the most 
common species that was found in all transects. Details 
for the recorded species are presented in Table 1 and the 
following Checklist. 


Checklist 


All of the species checklist descriptions were checked 
against the appropriate global databases, following Uetz 
and Hallermann (2020), Frost (2020), and AmphibiaWeb 
(2020). For each species, conservation status follows an 
assessment from the International Union for Conserva- 
tion of Nature IUCN 2020). 


Amphibia 
Family Bufonidae 


1. Ingerophrynus quadriporcatus (Boulenger, 1887) 
Common name: Four-ridged Toad, Greater Malacca 
Toad, Swamp Toad. 

Distribution and habitat: Peninsular Malaya, Singa- 
pore, Borneo, Natuna Island, and Sumatra. This species 
commonly lives in peat swamp areas near coastal low- 
lands. 

Conservation status: Least Concern. 


2. Pseudobufo subasper Tschudi, 1838 

Common name: False Toad. 

Distribution and habitat: Sumatra, Borneo, and Pen- 
insular Malaya. This fully aquatic species inhabits peat 
swamps or swamp forests. 

Conservation status: Least Concern. 


Family Dicroglossidae 


3. Limnonectes malesianus (Kiew, 1984) 

Common name: Singapore Wart Frog, Malesian Frog, 
Malaysian Peat Frog, Malaysian River Frog. 
Distribution and habitat: Peninsular Malaya, Southern 
Peninsular Thailand, West Malaysia, Singapore, Suma- 


Amphib. Reptile Conserv. 


tra, Java, Borneo, Kundur Island, Galang Island, Great 
Natuna Island, and Singkep Island. This species inhab- 
its shallow, gentle streams, and nearby swampy areas 
including peat swamps and very flat alluvial forests, in- 
cluding primary and secondary forests. 

Conservation status: Near Threatened. 


Family Megophrydae 


4. Leptobrachium nigrops Berry and Hendrickson, 1963 
Common name: Singapore Spadefoot Toad, Black-eyed 
Litter Frog. 

Distribution and habitat: Peninsular Malaya, Sin- 
gapore, and Sumatra. This species is commonly found 
amongst the leaf litter in primary or secondary forest, and 
also in suitable wetlands and peat swamp forests. 
Conservation status: Least Concern. 


Family Ranidae 


5. Chalcorana parvaccola (Inger, Stuart, and Iskandar, 
2009) 

Common name: Kongkang Kecil (Indonesian). 
Distribution and habitat: Previously listed as endemic 
to Sumatra, known only from West Sumatra, Indonesia. 
However, this inventory of ZNP revealed an expansion 
of the distribution from West Sumatra to Riau. This spe- 
cies occupies a wide altitude range from 30 to 1,500 m 
asl. This frog is also commonly found in primary or sec- 
ondary forest among small creeks, and also in suitable 
peat swamp forest and wetland ecosystems. 
Conservation status: Least Concern. 


6. Fejervarya limnocharis (Gravenhorst, 1829) 
Common name: [Indian Cricket Frog, Boie’s Wart Frog, 
Grass Frog, Field Frog, Rice Frog, Paddy Frog, Cricket 
Frog, Terrestrial Frog, White-lined Frog, Ricefield Frog, 
Paddy Field Frog. 

Distribution and habitat: This species has a widespread 
distribution from South and East Asia to Southeast Asia. 
In Indonesia, this species is distributed in Sumatra, Bor- 
neo, Java, and Sulawesi, and is highly adapted to many 
different kinds of ecosystems. It 1s commonly found in 
forest, grassland, savanna, wetlands, and artificial eco- 
systems, such as paddy fields and urban areas. 
Conservation status: Least Concern. 


7. Hylarana erythraea (Schlegel, 1837) 

Common name: Red-eared Frog, Golden-lined Frog, 
Green Paddy Frog, Common Greenback, Green Lotus 
Frog, Green-backed Frog, Common Green Frog. 
Distribution and habitat: This species is widely distrib- 
uted from South Asia (India, Bangladesh, and Sri Lanka) 
to throughout the Southeast Asia region. In Indonesia, its 
distribution includes Sumatra, Borneo, Java, and Lesser 
Sunda Island. The species has also been reported as intro- 
duced to the Philippines and Sulawesi Island (Indonesia). 
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Table 1. Herpetofauna species encountered during the survey. Site codes: Bron 2 (B2), Shrubs Area (SA) across to Siak Resort (our 
basecamp), Besar Island (BI), Idris Well (IW), Seyuk Kanan Bawah Lake (SKaBL), Sejyuk Kiri Bawah Lake (SKiBL), and Sejuk 
Atas Pulau Besar Lake (SAPBL). 
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It inhabits small ponds, creeks, and streams with floating Common name: Masked Rough-sided Frog, Baram 
marsh vegetation or bushes. This frog is also found in _—_ River Frog, Baram’s Frog, Masked Frog, Brown Marsh 
suitable artificial ecosystems, such as paddy fields and Frog. 


urban areas. Distribution and habitat: Extreme southern peninsular 
Conservation status: Least Concern. Thailand and Malaya, Java, Borneo, Sumatra, Singapore, 

and Bangka Island. This species inhabits alluvial and 
8. Pulchrana baramica (Boettger, 1900) peat swamp forests. It is also known to dwell in lowland 
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floodplains and lowland swampy forests. 
Conservation status: Least Concern. 


9. Pulchrana rawa (Matsui, Mumpuni, and Hamidy, 
2012) 

Common name: Kongkang Rawa (Indonesian). 
Distribution and habitat: Endemic to Sumatra. So far, 
this species is only known from several locations in Riau 
and South Sumatra Province. One observation shows 
this species also occurs 1n Sambas Regency, West Kali- 
mantan Province. However, its presence 1n Kalimantan 
is in doubt, since it has not been confirmed elsewhere 
in Kalimantan. This species specifically inhabits the peat 
swamp forests. 

Conservation status: Least Concern. 


Family Rhacophoridae 


10. Polypedates colletti (Boulenger, 1890) 

Common name: Collett’s Whipping Frog, Black-spot- 
ted Tree Frog, Collett’s Tree Frog. 

Distribution and habitat: Peninsular Thailand and Ma- 
laya, Sumatra, Borneo, Natuna Islands, various islands in 
The South China Sea, and Southern Vietnam. This spe- 
cies can be found in lowland primary or secondary forest, 
disturbed forest, swampy forest, and peat swamp forest. 
The altitude ranges from coastal up to 600 m asl. 
Conservation status: Least Concern. 


11. Polypedates leucomystax (Gravenhorst, 1829) 
Common name: Java Whipping Frog, Common Tree 
Frog, Brown Tree Frog, Malayan House Frog, Four-lined 
Tree Frog, White-lipped Tree Frog, Malayan Tree Frog, 
Bamboo Tree Frog, House Tree Frog, Jar Tree Frog, 
Stripe Tree Frog, Asia Brown Tree Frog, Golden Tree 
Frog. 

Distribution and habitat: Eastern India, Nepal, Myan- 
mar, Southern China, throughout South East Asia, Phil- 
ippines, Sumatra, Borneo, Java, Sulawesi, Lesser Sunda 
Islands, and the Mollucas. Introduced to Papua and Japan 
(Southern Ryukyus). This species inhabits both wetlands 
and forests, is adaptable in urban settings, and can be 
found in garden ponds, buildings, and on roads. 
Conservation status: Least Concern. 


12. Polypedates macrotis (Boulenger, 1891) 

Common name: Baram Whipping Frog, Forest Bush 
Frog, Dark-eared Tree Frog, Bongao Bubble-nest Frog. 
Distribution and habitat: Peninsular Malaya, Thailand, 
Sumatra, Mentawai Island, Natuna Islands, Borneo, and 
Southwestern Philippines. This species generally inhab- 
its primary forest and edge areas, also found in suitable 
wetlands and artificial habitats, such as canals and drain- 
age channels. It has been recorded up to 1,250 m asl. 
Conservation status: Least Concern. 
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Reptilia 
Family Agamidae 


13. Aphaniotis fusca (Peters, 1864) 

Common name: Dusky Earless Agama, Peninsular Ear- 
less Agama. 

Distribution and habitat: Southern Thailand, Peninsu- 
lar Malaya, West Malaysia, Singapore, Tioman Island, 
Johor, Sumatra, Nias, Singkep, Borneo, and Natuna Is- 
lands. This species inhabits primary and lightly disturbed 
lowland moist forests and mid-hills, including diptero- 
carp forests and peat swamp forests. 

Conservation status: Least Concern. 


14. Gonocephalus liogaster (Gunther, 1872) 

Common name: Tropical Forest Dragon, Blue-eyed 
Angle Head Lizard, Orange-ringed Angle Head Lizard. 
Distribution and habitat: West Malaysia, Sumatra, Na- 
tuna Islands, and Borneo. This species inhabits lowland 
primary forest (up to 400 m asl) and peat swamp forest, 
and appears to be encountered more frequently near for- 
est streams. 

Conservation status: Not known. 


Family Colubridae 


15. Ahaetulla prasina (Boie, 1827) 

Common name: Gunther’s Whip Snake, Oriental Whip 
Snake, Asian Vine Snake, Jade Vine Snake. 
Distribution and habitat: China (4. p. medioxima), 
Philippines (A. p. preocularis), Philippines and Sulu Ar- 
chipelago (A. p. suluensis), South Asia (India, Bangla- 
desh, Sri Lanka, Andaman, and the Nicobar Islands), and 
throughout Southeast Asia. In Indonesia, this species is 
widely distributed in Sumatra, Borneo, Java, Sulawesi, 
and the Lesser Sunda Islands. This snake inhabits both 
primary lowland and montane moist forests, secondary 
forests, open and dry forests, disturbed forest, scrub- 
lands, plantations, as well as city gardens and urban ar- 
eas. Commonly found from sea level up to 1,300 m asl. 
Conservation status: Least Concern. 


16. Boiga dendrophila (Boie, 1827) 

Common name: Gold-ringed Cat Snake, Mangrove 
Snake, Yellow-ringed Cat Snake. 

Distribution and habitat: Throughout Southeast Asia 
from Myanmar to Indonesia. In Indonesia, this species 
is distributed in Sumatra, Borneo, Java, and Sulawesi. 
It inhabits lowland forests, including mangrove swamps 
and peat swamp forests, at elevations from sea level up 
to 700 m asl. 

Conservation status: Not known. 


17. Coelognathus flavolineatus (Schlegel, 1837) 


Common name: Black Copper Rat Snake, Yellow- 
striped Snake, Yellow-striped Trinket Snake. 
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Distribution and habitat: India, Myanmar, Thailand, 
Vietnam, Cambodia, Peninsular Malaya, Singapore, Su- 
matra, Borneo, Java, Bali, and Sulawesi. This species 1n- 
habits primary and secondary forests, disturbed forests, 
and urban areas, at elevations from sea level up to 1,000 
m asl. 

Conservation status: Least Concern. 


18. Dendrelaphis caudolineatus (Gray, 1834) 

Common name: Gray Bronze Back, Striped Bronze 
Back. 

Distribution and habitat: Sri Lanka (D. c. effrenis), 
Thailand, Peninsular Malaya, Singapore, Sumatra, and 
Borneo. This arboreal species occurs in lowland forests, 
open secondary growth vegetation, and scrubland. It also 
can be found in urban areas, such as gardens and parks. 
Conservation status: Not known. 


19. Dendrelaphis formosus (Boie, 1827) 

Common name: Elegant Bronze Back, Beautiful Bronze 
Back Tree Snake. 

Distribution and habitat: Thailand, Peninsular Malaya, 
Singapore, Sumatra, Borneo, Mentawai Archipelago, 
Riau Archipelago, and Java. This species occurs in low- 
land forest, scrubland, alluvial forest, heath forest, peat 
swamp forest, and in gardens within villages. It has been 
encountered from sea level up to 600 m asl. 
Conservation status: Least Concern. 


20. Lycodon subannulatus (Duméril, Bibron, and Du- 
méril, 1854) 

Common name: Malayan Bridal Snake, Southern Bridle 
Snake, Half-banded Bridled Snake, Brown-saddled Tree 
Snake. 

Distribution and habitat: Myanmar, Thailand, Malay- 
sia, Philippines, Singapore, Sumatra, and Borneo. This 
arboreal species is commonly found in lowland forests 
and disturbed areas, at altitudes ranging from sea level to 
about 900 m asl. 

Conservation status: Least Concern. 


Family Gekkonidae 


21. Cyrtodactylus majulah Grismer, Wood, and Lim, 
2012 

Common name: Singapore Bent-toed Gecko. 
Distribution and habitat: Singapore, Bintan Island, 
and probably expanded to Riau Province in Sumatra (as 
recorded in this survey). This species occurs in lowland 
forests, specifically freshwater swamp forests, and also 
peat swamp forests. 

Conservation status: Not known. 


22. Hemidactylus frenatus Duméril and Bibron, 1836 
Common name: Chichak, Common House Gecko, 
South Asian House Gecko, Bridled House Gecko, Asian 
House Gecko, Spiny-tailed House Gecko. 
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Distribution and habitat: This species is distributed 
worldwide in tropical and subtropical regions. It is native 
in Southern and Southeast Asia, and in the Indo-Austra- 
lian Archipelago. It inhabits man-made dwellings, cities, 
villages, and also forested areas among boulders, trees, 
or logs; and at altitudes ranging from sea level to about 
1,600 m asl. 

Conservation status: Least Concern. 


23. Hemiphyllodactylus typus Bleeker, 1860 

Common name: Tree Gecko, Indopacific Slender 
Gecko, Common Dwarf Gecko, Lowland Dwarf Gecko, 
Worm Gecko. 

Distribution and habitat: China, Tatwan, India, Sr 
Lanka, throughout Southeast Asia, Philippines, Sumatra, 
Java, Borneo, Lesser Sunda, Sulawesi, New Guinea, and 
Oceania, introduced to Japan and Hawaii. This species 
inhabits lowland forests and mangroves, up to an altitude 
of nearly 1,000 m asl. 

Conservation status: Not known. 


Family Geoemydidae 


24. Cuora amboinensis (Daudin, 1802) 

Common name: Amboina Box Turtle, Southeast Asian 
Box Turtle, Malayan Box Turtle, Indonesian Box Turtle, 
Burmese Box Turtle, Malayan Box Terrapin. 
Distribution and habitat: India, Bhutan, Bangladesh, 
Myanmar, Thailand, Cambodia, Vietnam, West Malay- 
sia, Singapore, Philippines, Sumatra, Borneo, Java, Su- 
lawesi, Lesser Sunda, and Mollucas. This species inhab- 
its slow-flowing water bodies, including rivers, lakes, 
marshes, peat swamps, and mangrove swamps, as well 
as agricultural areas. 

Conservation status: Vulnerable. 


Family Homalopsidae 


25. Enhydris enhydris (Schneider, 1799) 

Common name: Rainbow Mud Snake, Rainbow Water 
Snake, Striped Water Snake, Smooth Water Snake. 
Distribution and habitat: Nepal, India, Bangladesh, Sri 
Lanka, Myanmar, Thailand, Vietnam, Cambodia, Ma- 
laysia, Singapore, Sumatra, Java, Borneo, and Sulawesi. 
This species inhabits freshwater habitats, including slow- 
moving streams, canals, marshes, ricefields, and some- 
times brackish water areas. 

Conservation status: Least Concern. 


26. Homalopsis buccata (Linnaeus, 1758) 

Common name: Linne’s Water Snake, Puff-faced Water 
Snake, Masked Water Snake. 

Distribution and habitat: Bangladesh, Myanmar, Thai- 
land, Cambodia, Vietnam, Laos, Malaysia, Singapore, 
Sumatra, Borneo, Java, and Sulawesi. This freshwater 
species inhabits slow-moving and stagnant waterways, 
such as swamps, ponds, and ricefields. 
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Conservation status: Least Concern. 
Family Pythonidae 


27. Malayopython reticulatus (Schneider, 1801) 
Common name: Reticulated Python. 

Distribution and habitat: Bangladesh, India (Nicobar 
Island), Myanmar, Thailand, Vietnam, Laos, Cambodia, 
Philippines, Peninsular Malaya, Sumatra, Java, Borneo, 
Sulawesi, Lesser Sunda Islands, and Mollucas. This spe- 
cies can be found in various ecosystems such as primary 
forests, secondary forests, savannas, wetlands, scrub- 
lands, marshes, peat swamp forests, mangrove swamps, 
grasslands; and also in disturbed areas, such as agricul- 
tural areas and urban areas. It has been found from sea 
level to about 1,300 m asl. 

Conservation status: Least Concern. 


Family Scincidae 


28. Dasia olivacea Gray, 1839 

Common name: Olive Dasia, Olive Tree Skink. 
Distribution and habitat: India (Nicobar Island), 
Myanmar, Thailand, Laos, Vietnam, Cambodia, Philip- 
pines, Peninsular Malaya, Sumatra, Java, Borneo, and 
Bali. This species inhabits coastal, lowland forests, peat 
swamp forests, and other forests up to 1,200 m asl. 
Conservation status: Least Concern. 


29. Eutropis multifasciata (Kuhl, 1820) 

Common name: Common Mabuya, Many-lined Sun 
Skink, East Indian Brown Mabuya, Common Sun Skink, 
Javan Sun Skink. 

Distribution and habitat: India, Bangladesh, China, 
Taiwan, Myanmar, Thailand, Laos, Cambodia, Vietnam, 
Peninsular Malaya, Singapore, Borneo, Sumatra, Java, 
Bali, Komodo Island, Flores, Sulawesi, Halmahera, 
Timor-Leste, New Guinea, and the Philippines. This spe- 
cles occupies a wide range of habitats including tropi- 
cal dry, moist lowland and montane forest, savannah, 
woodland, peat swamp forest, eucalyptus forest, coffee 
plantations, agricultural land, disturbed riparian habitats, 
gardens, and village land. It is found at elevations up to 
1,800 m asl. 

Conservation status: Least Concern. 


30. Lygosoma samajaya Karin, Freitas, Shonleben, Gris- 
mer, Bauer, and Das, 2018 

Common name: None. 

Distribution and habitat: Malaysia (Sarawak) as the 
type locality. The current survey revealed a new distribu- 
tion record for this species in Riau Province, Sumatra. 
This species specifically dwells in heath forests, diptero- 
carp forests, and peat swamp forests. It 1s also presumed 
as a semi-fossorial species as suggested by its elongate 
morphology. 

Conservation status: Not known. 
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31. Sphenomorphus cyanolaemus Inger and Hosmer, 1965 
Common name: Blue-headed Forest Skink, Blue-throat- 
ed Litter Skink. 

Distribution and habitat: Peninsular Malaya, Suma- 
tra, and Borneo. This species inhabits lowland rainfor- 
est up to 850 m asl. This slender-bodied skink largely 
remains on the forest floor, searching amongst leaf litter 
for its prey; but is also known to climb short distances up 
tree trunks. It probably feeds on forest floor insects. 
Conservation status: Least Concern. 


Family Varanidae 


32. Varanus salvator (Laurenti, 1768) 

Common name: Common Water Monitor. 

Distribution and habitat: Sri Lanka, India, Bangladesh, 
Myanmar, Cambodia, Laos, Vietnam, China, Thailand, 
Malaysia, Singapore, and Indonesia (Borneo, Sumatra, 
Nias, Enggano, Bangka, Kalimantan, Java, Bali, Lom- 
bok, Sumbawa, Flores, Wetar, and Sulawesi). This spe- 
cies 1s frequently seen on river banks and in swamps. 
Conservation status: Least Concern. 


Family Viperidae 


33. Tropidolaemus wagleri (Boie, 1827) 

Common name: Wagler’s Keeled Green Pit Viper, Wa- 
gler’s Palm Pit Viper, Wagler’s Pit Viper, Temple Pit Vi- 
per. 

Distribution and habitat: Indonesia (Sumatra), Malay- 
sia (Peninsular Malaya), Singapore, Thailand, and Viet- 
nam. This species is perhaps the commonest pit viper in 
Southeast Asia. It occurs in lowland forests, either prima- 
ry or secondary, and in some coastal regions it may occur 
in mangroves. It occurs at elevations up to 400 m asl. 
Conservation status: Least Concern. 


General Observations 


The differences in the environmental conditions of each 
survey area may influence the species distribution and 
habitat preferences of herpetofauna in ZNP. Overall, the 
air temperature during the survey ranged between 26.2 
and 28.9 °C, and the water temperature ranged between 
23.4 and 28 °C. The complete set of environmental pa- 
rameters is presented in Table 2. 

The survey areas were grouped based on the pres- 
ence of water bodies, e.g., rivers, streams, or lakes. The 
areas of Bron 2, the Shrubs Area, and Idris Well have 
drier habitats than Seyuk Kanan Bawah Lake, Sejuk Kiri 
Bawah Lake, and Sejyuk Atas Pulau Besar Lake, while 
Besar Island is isolated and located in the middle of Pu- 
lau Besar Lake. Based on the findings of the survey, the 
herpetofauna species were mostly distributed near the 
water bodies, such as rivers or streams. Besar Island had 
the lowest number of herpetofauna species, which may 
be caused by its isolation from the mainland. 
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Fig. 5. Principal Component Analysis (PCA) of the distribution of herpetofauna species. 


The PCA analysis used the species composition and 
the number of individuals encountered in each sampling 
point as the variables. That analysis shows that the dis- 
tribution of herpetofauna species separated into three 
groups related to habitat preferences (Fig. 5). The result- 
ing use variance-covariance matrix shows the variance 
percentage of the eigenvalue for PC 1 is 91.997%, and 
for PC 2 it 1s 5.336%. Besar Island is an isolated area; 
while Sejuk Kiri Bawah Lake, Seyuk Atas Pulau Besar 
Lake and Sejuk Kanan Bawah Lake are the areas with 
water bodies; and the Shrubs Area, Bron 2, Idris Well and 
outlying transects are the areas that are far from water 
bodies. 

The environmental parameters show the differences 
between dry and wet habitat conditions. The data in Ta- 
ble 2 show that dry areas have higher air temperatures 
(27.6—28.9 °C) than wet areas (26.2—27.2 °C), and dry 
areas also have more humidity (91.3 to 95.9%) than wet 
areas (87.8 to 92.1%). 

This survey found one individual of the recently 
described species Lygosoma samajaya Karin, Freitas, 
Shonleben, Grismer, Bauer, and Das, 2018 (Fig. 6), so 


Table 2. Environmental parameters for each survey area. 


Survey Areas Air Aeumperature 

(°C) 
Bron 2 27.6 
Shrubs Area 28.7 
Besar Island 28.5 
Idris Well 28.9 
Seyuk Kanan Bawah Lake 26.2 
Sejyuk Kiri Bawah Lake 21 
Seyuk Atas Pulau Besar Lake 27.2 
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this observation represents a new record distribution for 
Sumatra and for Indonesia. The individual was collected 
on the glue trap board and photos were taken immediate- 
ly after the specimen was cleaned. While it was described 
as a new Species in early 2018, thus far it has only been 
recorded in Western Sarawak, Borneo, Malaysia. The 
specimen found in this survey was identified by compar- 
ing key characteristics to the holotype description. The 
ZNP specimen has uniform brown coloration on the dor- 
sal surface of head, body, limbs, and tail; bright yellow 
coloration on the ventral surface of the head and body, and 
cream coloration on the ventral surface of limbs and tail. A 
light brown lateral stripe extends from the nostril through 
the eye, and fades in the halfway point between the limbs. 
Furthermore, the ZNP specimen has scale counts which 
match with the holotype description: quinquecarinate 
keeled dorsal and ventral scales; 7 supralabials; 5" below 
the eye; and 6 infralabials. The most important character 
that distinguishes L. samajaya from the other congeners is 
an interparietal scale with pineal eyespot in the posterior 
margin. Further measurements can be obtained by exam- 
ining the specimen deposited in MZB (see Appendix). 


Water Temperature Humidity pH 

(°C) (%) Water Soil 

24 af 95.9 43 3.3 
28 92.2 4 3.5 

27.9 92.5 4.2 2.8 
- 91.3 - 3 

23.4 89 4.6 2.9 

24.6 87.8 4.6 3.8 
25 92.1 4 3.8 
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Fig. 6. Photos of specimen of Lygosoma samajaya Karin, Freitas, Shonleben, Grismer, Bauer, and Das, 2018 encountered in Zamrud 


National Park, Riau, Indonesia. 


Discussion 


Zamrud National Park is one of the finest places which 
represent the Sumatra peat swamp ecosystem (Fig. 1) 
and its biodiversity, including the herpetofauna diversity. 
It is one of the protected areas in Sumatra comprised of 
pristine, primary peat swamp forest. The Sumatra peat 
swamp ecosystem is the habitat for at least 135 reptiles 
and 42 amphibians, and these counts will undoubtedly 
increase aS more explorations are conducted and new 
species are discovered (Das and van Dijk 2013). Howev- 
er, the size of the remaining pristine peat swamp forest in 
Indonesia has been decreasing dramatically due to many 
threats, e.g., illegal logging, drainage, agricultural con- 
version, petroleum mining, and development (Yule 2010; 
Posa et al. 2011). Despite such threats, the peat swamp 
forests are also becoming refuges for globally significant 
species from other lowland forests (Yule 2010). 

As part of Kampar Peninsula, most of the biodiver- 
sity in ZNP also represents the biodiversity in Kampar 
Peninsula that is threatened by concessions, plantations, 
petroleum minings, and the widening of rivers. Recent 
surveys have recorded 107 species of herpetofauna (22 
species of amphibians and 85 species of reptiles) in the 
whole area of Kampar Peninsula, and this survey found 
33 species (or approximately 30.8% of all herpetofauna 
in Kampar Peninsula) within only 15 days of fieldwork 
(Fig. 4). Some endangered herpetofauna species not 
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found in this survey have been recorded in Kampar Pen- 
insula, 1.e., Batagur borneoensis (CR), Heosemys spi- 
nosa (EN), Orlitia borneensis (EN), Pelochelys cantorii 
(EN), Manouria emys (EN), Tomistoma schlegelii (VU), 
Ophiophagus hannah (VU), Cuora amboinensis (VU), 
Siebenrockiella crassicollis (VU), and Amyda cartilag- 
inea (VU) [RER-FFI 2016]. 

The L. samajaya holotype was found in Sama Jaya 
Forest Reserve that includes heath and peat swamp for- 
est ecosystems, surrounded by settlements. In this sur- 
vey, the L. samajaya individual was found in peatland 
forest, suggesting that habitat is consistent with the new 
species habitat preferences. We assume that L. samajaya 
can only be found in peat swamp forest, heath forest, and 
lowland forest which are widely distributed in Sumatra 
and Kalimantan. Specifically, L. samajaya seems to se- 
lect dense ground leaf litter and closed canopy forest as 
its habitat as a semi-fossorial species, and is able to sur- 
vive in disturbed forest areas (Karin et al. 2018). 

Herpetofauna species communities commonly se- 
lect lower temperature and humidity conditions as their 
suitable habitat. As ectothermic creatures, herpetofauna 
Species cannot regulate their own body temperature and 
must rely on their surrounding temperature and condi- 
tions. When their habitat becomes warmer, only some 
species are able to adapt and survive in such conditions. 
We assume that once the global temperature rises due to 
climate change, most herpetofauna species diversity will 
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decrease and some will go to extinction (Bickford et al. 
2010). 

The presence of water bodies is also significant for 
most amphibian populations to lay their eggs and breed. 
Reptile populations will follow amphibian population 
fluctuations because of their role as predators in the food 
chain (Vitt and Caldwell 2009). As an isolated site, Besar 
Island was the area with the least species diversity due to 
reduced possibilities for migration from Besar Island to 
the mainland (Whittaker and Fernandez-Palacios 2007). 

Two of the species recorded have high-risk conserva- 
tion status, 1.e., Limnonectes malesianus (NT, van Dijk 
et al. 2004) and Cuora amboinensis (VU, Asian Turtle 
Trade Working Group 2000). Furthermore, two Sumatra 
endemic species were recorded, 1.e., Chalcorana parva- 
ccola (Inger et al. 2009) and Pulchrana rawa (Matsui 
et al. 2012). Further surveys of herpetofauna diversity, 
ecology, and distribution in ZNP are needed consider- 
ing that the species accumulation curve (Fig. 4) indicates 
this short-term pilot survey was probably not sufficient 
to represent the full herpetofaunal diversity in the larger 
Sumatra Peat Swamp Forest Ecosystem. 


Conclusion 


A cursory survey of Zamrud Natonal Park in Indonesia 
yielded 33 herpetofauna species, including 12 amphib- 
ians and 21 reptiles, with most found near water bodies. 
However, these findings are still insufficient to represent 
the herpetofauna communities in the whole area of ZNP. 
Further surveys and monitoring are needed to continue 
the inventory and to monitor the current communities in 
light of future threats, as well as the possibility of record- 
ing new findings in other areas of ZNP. 
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Appendix. List of specimens deposited in Museum Zoologicum Bogoriense (MZB) 


Chalcorana parvaccola: MZB.Amph.31126, MZB.Amph.31127, MZB.Amph.31128, MZB.Amph.31129 
Ingerophrynus quadriporcatus. MZB.Amph.31137, MZB.Amph.31138 

Leptobrachium nigrops: MZB.Amph.31136 

Limnonectes malesianus. MZB.Amph.31130, MZB.Amph.31131, MZB.Amph.31132 
Polypedates colletti: MZB.Amph.31141, MZB.Amph.31142, MZB.Amph.31143 

Polypedates macrotis: MZB.Amph.31139, MZB.Amph.31140 

Pulchrana baramica: MZB.Amph.31133, MZB.Amph.31134, MZB.Amph.31135 

Pulchrana rawa. MZB.Amph.31122, MZB.Amph.31123, MZB.Amph.31124, MZB.Amph.31125 
Ahaetulla prasina: MZB.Ophi.6163 

Aphaniotis fusca. MZB.Lace.14497, MZB.Lace.14498 

Cyrtodactylus majulah: MZB.Lace.14494, MZB.Lace.14495, MZB.Lace.14496 

Dasia olivacea: MZB.Lace.14489 

Dendrelaphis caudolineatus: MZB.Ophi.6162 

Eutropis multifasciata. MZB.Lace.14492, MZB.Lace.14493 

Gonocephalus liogaster: MZB.Lace.14486, MZB.Lace. 14487 

Hemiphyllodactylus typus. MZB.Lace.14491 

Homalopsis buccata: MZB.Ophi.6161 

Lycodon subannulatus: MZB.Ophi.6164 (labeled as Dryocalamus subannulatus) 

Lygosoma samajaya (labeled as Lygosoma sp.): MZB.Lace.14488 

Sphenomorphus cyanolaemus: MZB.Lace.14490 
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